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CHAPTER I

INTRODUCTION

1.1 Background

Throughout history man has engaged in battle with his fellow man.

A review of history is a review of warfare. Man seems to have a general

propensity to consider warfare a major objective in his life. The early

settlers of this country encountered a formidable foe in the native

Americans. The covered wagon caravans were the early settlers' attempts

to minimize the Indian threat when traveling West. Further, the scouts

would seek high vantage points in the terrain where they could observe

and provide early warning of enemy forces and their movement.

Scientific and technological developments have provided present

day man with complex equipment and devices with which to do battle with

his enemies. Commonplace among this arsenal are missiles, high perform-

ance aircraft, helicopters, air defense systems, tanks, radars, sub-

marines, and a host of sophisticated hand-held weapons including lasers.

It should be noted that the radar replaces the observer on the lonely

hill top, while tanks and armoured vehicles replace the covered wagons.

The major difference in the two scenarios is the equipment of which air-

craft, missiles and air defense systems are of concern in this research

effort. It is with the concept of air defense that modeling becomes

paramount, since models permit reality to be depicted for a very modest

investment of time and money.

i!
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1.2 Air Defense Modeling

The effectiveness of medium and high air defense systems impose a

high degree of risk to aircraft survivability when an aircraft is oper-

ating in the air space protected by these systems. This situation

leaves low level flight as the only option open to the aircraft to avoid

these air defenses. Aircraft are a high value resource which must be

utilized wisely. Regardless of the results of the analysis, the mission

has to be undertaken. The battle, and in turn the war, can only be won

if one attacks. Thus, one must enhance the aircraft's probability of

survival.

One means to increase the aircraft's chances of survival is to

plan a route which minimizes its exposure to enemy air defenses. A

terrain following route can be optimized in the vertical plane, but the

initial question is where to position the ground track in the horizontal

plane that the aircraft will follow. If one knew the route which mini-

mized the exposure, then there would be an easing of the vertical con-

straint imposed by the air defenses [11].

The objective of this research is to develop a heuristic method

for selecting a minimum-exposure, minimum-elevation route for terrain

following flight through defended terrain. Considering the expensive

aircraft in use today, the computer modeling of air operations on the

tactical battlefield is a useful tool for assessing tactics, performance,

and results.

1.3 Research Topic

If one knew the location of low exposure routes, then an assessment

could be made on the expected outcome of employing these routes. The

high exposure route is merely to allow the aircraft to fly within the
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radar coverage. This research was undertaken to find a method which

allows one to find the low exposure route from some initial point to

a destination point.

A minimum exposure route will logically use terrain features to

hide the aircraft from the air defense sensors. This assumption implies

that low elevation areas should have a lower exposure profile than high

elevation areas. It is intended to use the low elevation areas as the

basic units from which a minimum exposure route can be built. Thus, a

heuristic route selection model will be developed in this dissertation

that achieves a minimum-exposure, minimum-elevation route for low level

flight.

1.4 Outline of Succeeding Chapters

Chapter I] is a review of the literature pertaining to routing,

aircraft and air defense. Three documents of particular interest to

this research are discussed first. The remainder of the chapter pertains

to the literature in general. The tactical situation from which this

research derives is given in Chapter II. The scenario is typical of a

medium intensity battle. The development of the model is presented in

Chapter IV. The discussion follows the solution sequence of the model.

Chapter V is an example of the model selecting an appropriate

route for the prescribed conditions. The calculations are based on the

material of Chapter IV. The model results are contained in Chapter VI.

The results for two small terrain areas are presented first, followed

by the results for a much larger terrain area.

Chapter VII is the validation of the developed model. Some of the

model results are compared to manually developed, preferred routes.

Finally, Chapter VIII presents the conclusions of this research and re-

commendations for further research.



CHAPTER II

LITERATURE REVIEW

2.1 Introduction

An intensive review of the literature identifies three research

results which are pertinent to this effort. A recent dissertation by

James E. Funk [2] provides a method for determining the optimal vertical

flight path for a given route. The second effort was reported in The

University of Alabama in Huntsville Research Institute (UARI) Report,

Optimal Attack Route Selection Method [3]. The third research of interest

is a Helicopter Route Selection Model developed by Ohio State University

for the large land combat model DYNTACS [4]. In addition, the literature

pertaining to network modeling, computer software algorithms, geology and

geography, highway routing, and electronic circuit routing were investigated

to determine their applicability in aircraft routing.

Modern air defense systems have the capability to deny medium or high

altitude aircraft attack routes to a target. To overcome this restriction,

low level flight has now become a preferred method for penetrating air

defenses. Low level or terrain following flight paths, however, presents

the problem of impact with the terrain. In the literature this problem is

also referred to as clobber.

The ideal flight path for terrain following would be a flight curve

that matches the terrain curvature by some clearance height above the

local terrain. The aircraft control system limits the vehicle to flying

a smooth flight path which approximates this clearance curve. Figure 2.1

4



is an illustration of a typical terrain profile with the clearance

curve and flight path for low level flight. The slower the aircraft

flies the closer the flight path can approximate the clearance curve.

Flight Path

Clearance Curve

Terrain

Figure 2.1. Low Level Flight Profile.

The review of unclassified documents concerning low level flight

has centered on the problem of optimal aircraft control systems. Ad-

vances in microprocessors and digital electronics seem to be the con-

trolling factor in increasing the capability of on-board flight com-

puters and navigation systems [2, 5, 6]. With increased on-board com-

puter capacity, real time optimization of flight profiles become possible,

thereby achieving an optimal low level flight path along the selected

route.

In the literature that was reviewed, a major consideration in any

air defense study is terrain modeling. Terrain modeling is also utilized

in such studies as highway routing and construction, pipeline routing,

and land use. Most recent research in this area is directed at using

computer graphics to depict the terrain in contour map form and in

picture form. Existing terrain models are presently adequate for air

defense modeling [7, 8, 9, 10, 11]. The terrain models, however, do not

provide for aircraft route selection analysis.

I "I'l A 1 LQ49&9m,
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2.2 Reported Research

The dissertation by J. E. Funk presents a mathematical programmning

method for solving the aircraft control problem in terrain following

flight [2]. The first step in his approach was to construct a trajectory

model which is incorporated into the objective function or, as he has de-

fined it, the performance function. The performance function is defined

in terms of an excess clearance variable. The function is optimized

subject to differential constraints of height, slope and curvature of

the flight path.

To provide computational ease the problem is discretized. The per-

formance function and constraints are transformed to a matrix form which

can now be considered as a quadratic or linear programmiing (LP) problem.

This quadratic or LP problem is solved using existing algorithms. To

develop a complete flight path this procedure considers overlapping

segments. Segment i of the flight path is optimized and then the next

overlapping segment, i+l, is optimized with the initial portion of seg-

ment ill defined by segment i. Since the discrete segments overlap,

the resulting flight path is continuous and there are no discontinuities

at the boundaries.

In Funk's research, only the vertical terrain avoidance is examined,

and not the lateral terrain avoidance. His results give a solution to

the aircraft control system to yield the optimal flight path over a

given terrain route.

In the VARI report, a dynamic programmning approach for determining

optimal attack routes is presented [3]. Although this work was performed

several years ago, it is still current with techniques recently reported.

The backwards solution method was employed to evaluate the recursive

function.
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The route selection process that was developed is a direct appli-

cation of dynamic programming. To represent the multi-stage decision

process, a grid network was used where each grid point is equivalent

to a stage in the decision process. Thus, the optimal decision path

is the optimal attack route.

The probability of survival, (Ps), is the return at each stage.

The optimal path has the highest probability of survival or is the

least risk route. The probability of survival at a grid point is

given by:
Ps = (l - Pk).

The probability of kill (Pk) for an air defense site is the resultant

of the probabilities of acquisition, tracking, missile launch, missile

flight, and warhead lethality.

Two recommendations for further research in this report were of

interest. This technique had only been applied to small scale problems,

and further research on large scale problems with multi-attackers and

multi-radar sensors were suggestions for consideration. Also, it was

recommended that network techniques such as shortest path or least cost

path be considered.

The Helicopter Route Selection Model that has been developed is

another method using dynamic programming (4]. This model is an adaptation

of the ground unit route selection model that is a subroutine of

DYNTACS X. The first step is to determine the intervisibility areas

for each weapon. These areas define the masked and unmasked portions

of the battlefield. From the set of masked areas a series of concealed

areas in close proximity to one another can be connected to form an

avenue of approach. Having identified this avenue the route can be

selected that follows the general shape of the approach corridor.
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Up to this point all analyses of intervisibility and terrain have

been performed outside of the actual model. With the process completed

the route corridor is defined in the model. The intervisibility areas

are defined by a set of irregular convex shapes having straight line

boundaries between each vertex. Along each boundary one or more points

define the possible beginning (or end) of a route segment across the

convex shapes (Figure 2.2). These points are shown as circles on

Figure 2.2 and are also entered into the model as data.

With the terrain area thus described for the model, the route

selection routine can be utilized. A series of nine points that are in

the direction of attack are selected for route analysis. The selection

routine evaluates these boundary points identified by the probability

of survival at each point. The point with the highest probability of

survival is selected and then the next series of nine points along the

route corridor are considered. This process is the forward solution

method for dynamic programming problems.

2.3 Open Literature

One of the first areas in the open literature to be investigated

was cluster analysis. An excellent presentation of cluster analysis

can be found in Anderberg's text [12]. When data has no discernible

pattern, cluster analysis can provide a tool to uncover the pattern.

Hierarchical clustering is widely utilized to develop the linking of

data as each entity is processed. In this research, the idea of

nearest neighbor and centroid of a cluster that is used with non-

hierarchical clustering, are utilized as a basis for processing the

terrain data.
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For a data set of N observations, clustering into subsets of like

values indicates an association or similarity for the cluster membership

which is not shared by those outside that cluster. Typically, the members

of a cluster will minimize some criterion such as minimal distance from the

mean of the cluster. The mean of a cluster can be utilized as the centroid.

For the total data set of k clusters, membership in cluster i can have a

point to centroid distance different from cluster j, which would indicate

an individual cluster density. Thus, a higher order clustering can be

performed on the initial clusters because their centroids are now the

data points. The centroids of the first order cluster can be weighted

according to density and be the point used as the value for the higher

order clustering.

Clustering methods are means by which data can be grouped, associated,

or placed in some classification scheme for analysis. There is no one

preferred method to be used, as several methods normally need to be

used to determine if there is any pattern or intelligence to be derived

from the data.

The aircraft routing problem can be formulated as a network or a

graph problem. In the literature, the theoretical aspects of a network

are referred to as graph theory, whereas the practical aspects are known

as network analysis. A highway network connecting cities would be verti-

ces for the cities and edges for the highways when related to graph

theory. Networking would refer to the cities as nodes and the highways

as arcs. Depending on the reference, the terminology for the cities could

also be called junction points, intersection points, or simply points;

and likewise, an arc could also be a branch, link, path or line.



For a network or graph G there is a collection of points xI , x2 ,...,

xn (denoted by the set X), and a collection of lines a,, a2,...,am (denoted

by the set A) which join some or all of these points. The graph is de-

scribed and denoted by the doublet G(X,A) [13]. An edge joining xi with xj

is denoted by [xi, xj].

In network analysis and cluster analysis there are three distance

measures that are of interest. First, the standard Euclidean distance

or metric for two points in space is given by:

d = [(x2-xI)2 + (y2-yI )
2 + (z2 .zl)2] .

Second, in many location problems, especially in urban areas, travel

is along an orthogonal set of streets. Travel which is restricted to

directions parallel to the coordinate axes use a rectilinear or Manhattan

metric that defines distance between two points (xl , yl) and (x2 , Y2 ) by:

Ixl-x2 I + Yl-Y21"
The rectilinear metric could have been used in the UARI Optimal Attack

Route Method since travel was restricted to grid lines. Third, when

travel is restricted to take place on a network, then the internode

lengths are the distance measure [14].

The above concepts were utilized in developing the approach to the

route selection process for low flying aircraft. The ideas of nearest-

neighbor and cluster centroid form the bases for the terrain data

reduction.

--.---.,,,.. -.--....-. -. J.-



CHAPTER III

PROBLEM FORMULATION

3.1 Tactical Scenario

This research considers an area of air defense war gaming. There

are two basic situations that a tactician can analyze. In one case,

the tactical situation is portrayed from the defender or air defense

site aspect. For the other case, the tactical situation is presented

from the attacker or pilot's viewpoint. The specific problem this

research addresses is that of selecting a route which a low flying air-

craft can use to penetrate the air defense coverage, while at the same

time minimizing the aircraft exposure to thesE defenses. Low flying

aircraft ordinarily fly within 200 meters of the terrain.

The defender desires to allocate his air defenses in a pattern to

achieve maximum coverage. The sensors (radar, infrared, or visual) are

positioned in the terrain to be defended such that visibility is maxi-

mum in the principle direction the site is responsible for protecting.

In actual terrain there can be certain azimuths for which coverage is

marginal or non-existent. To ensure that the total area is covered,

the air defense sites are situated so that individual site visibilities

overlap each other thereby providing a pattern with total coverage.

Thus, any portion of the total area is being covered by one or more air

defense sites. The attacker is faced with the situation of attempting

to select a route which avoids these sites and maximizes his survival

while reaching the target, and accomplishing the mission.

12
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Along with terrain following, there are some other options the

tactician can choose to enhance the aircraft and pilot's survivability.

The attacker can use electronic countermeasures (ECM), better known as

jamming. An anti-radiation missile (ARM) could be fired at each radar.

Decoys or remotely piloted vehicles (RPV's) could be utilized to sat-

urate the skies so that an aircraft can be hidden among the RPV's.

To reach the primary target, a preemptive raid could be made against

the air defenses. Of course, the defender is fully aware of these and

other methods that can be employed to negate the air defense's ability

to engage the attackers.

3.2 Aircraft Route Selection

In this research, the air defense situation is a heavily defended

35 by 35 km area through which a helicopter force must penetrate. The

air defense sensors are assumed to be deployed within this region such

that maximum coverage exists.

Using military terminology, the line of battle between two forces

is known as the forward edge of the battle area (FEBA). The helicopter

force is flying a terrain following flight path from their base across

FEBA to raid an enemy rear area base. The enemy air defense sensor

capability is assumed to have good low altitude coverage for a 10 km

radius and good long range coverage for medium and high altitude.

In performing this raid, the objective is to traverse the whole

route indetected, thus preserving the element of surprise in the attack.

The air defense sensors are not being attacked or jammed in this raid.

In an attempt to obscure the helicopters' approach to the target, the

mountains and hills would be utilized as a mask. Intuitively, the best

low level aircraft route would follow the lowest terrain. To offset this
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tactic, the enemy will position some air defense sites to cover low

altitude corridors into his area.

The interaction of these tactics results in the helicopter route

selection being that of finding the low level route which has the fewest

air defense sites covering it. Thus, a route is a linkage of several low

level path legs into a continuous path that will allow the aircraft to

avoid detection.

3.3 Sensor Coverage

With low altitude targets, radar sensors have clutter problems

when receiving the return signal. There can be a high level of noise

because of ground objects and terrain features which tend to obscure

any targets that may be nearby. Any aircraft operating in an area with

opposing air defenses will attempt to fly as low as possible so as to be

in the clutter of the radar return signal. However, the faster the air-

craft speed the higher it must fly to be responsive to the pilot's ter-

rain avoidance commands. Thus, the aircraft pilot has two conflicting

constraints; first, the aircraft must fly no higher than X meters to

avoid detection, yet, second, it must fly at least Y meters above the

terrain to maintain a clearance altitude. A major problem exists for

the pilot when Y is greater than X.

The degree of coverage a radar site possesses from a given location

is dependent on the target altitude and the local terrain. An aircraft at

50 meters altitude is more likely to be detected than an aircraft at 20

meters altitude. To graphically illustrate sensor visibility, a series

of actual coverage diagrams for three sites were made at target altitudes

of 20 and 50 meters. Penetrating aircraft are assumed to be approaching

the sites from the west (left edge of figures). Coverage diagrams are
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generated using a computer routine that generates the visibility from a

site to the target altitude for 0 to 360 degrees in azimuth.

The first site, Figure 3.1, has excellent coverage to the west at

each altitude. For increasing target altitudes only a small improvement

in visibility is obtained. Visibility for a 10 km radius at 20 meters

target altitude is 28.02 percent of the total area. At 50 meters,

visibility is 31.85 percent.

In Figures 3.2 and 3.3, the site has good coverage at each altitude.

At 20 meters target altitude, visibility is 29.85 percent and improves to
43.10 percent at 50 meters. The prominent direction of coverage is west,

but this site also has some coverage to the east.

Lastly, in Figure 3.4, a poor site location is shown. Visibility at

this site varies from 5.31 percent at 20 meters to 8.63 percent at 50

meters. Coverage provided by this site is southerly.

These three site locations are deployed in the same area and the

composite coverage is shown in Figure 3.5. In the overall coverage, the

poorly situated site provides sensor detection to the south which the other

sites lack. Thus, the poor location is better than expected because it

furnishes satisfactory coverage when considering the combined coverage.

As can be seen in these series of figures, the coverage of an area

by air defense sensors limits the ability of an aircraft to penetrate the

area undetected. The deployment of several air defense sites imposes a

visibility constraint on the selection of routes through the area. It

may be impossible to find an undetectable corridor.

3.4 Terrain Data

The terrain data base used in this research is Defense Mapping

Agency (DMA) terrain data which provides the height above sea level for
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figure 3.5 Composite of Sites 1, 2, and 3. target Altitude 20 Heters

each terrain location. A granularity of 70.0 meters was selected in

utilizing the data base. A problem with this fine a grid is the quantity

of data points for even a moderate size area. For a 20 by 20 km area,

this density results in 90,000 entries.

The first requirement in utilizing this data is to convert from a

packed format into an array format of unpacked terrain points. The

geographical area selected requires a 525 by 525 array (35 by 35 km).

Since this array is too large for efficient computer processing, the

area was partitioned into smaller arrays of 15 by 15. This arrangement

results in a strip of 35 arrays to cover the north-south direction and

35 strips in the east-west direction (Figure 3.6). A map sheet is 15

data points from west to east, and 35 arrays of 15 data points from

south to north.

gg.1.
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Once the terrain data is available from the conversion processing,

some assumptions need to be made relating the data to the route selec-

tion problem. The premise that the aircraft route will follow the

valleys and low areas requires that the low elevation terrain be identi-

fled from the terrain data. Thus, it is assumed that by a grouping or

clustering process, these low elevation areas can be found. Also, the

partitioning of the area allows for identification of local minimum

altitudes rather than a single global value.

An example of terrain data arrays is shown in Table 3.1. As can be

seen in this table, the variation in the point to point values can be

stratified. Once the data is grouped into elevation intervals (or

bands), the terrain relief is shown as plateaus with the lowest plateau

being the lowest elevation area. The lowest stratum is a cluster of

lowest terrain points from which the cluster center can then be used as

a node point in the routing network.

With the terrain data analyzed and the node points established, the

route can now be developed. The terrain route for the helicopter has

only two known points at the onset - the initial point and the terminal

point. All intermediate route points need to be selected from the nodes.

............. - . . - .-
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CHAPTER IV

MODEL DEVELOPMENT

4.1 Introduction

The route selection development begins with the basic terrain

elevation data and ends with the minimum-exposure, and minimum

elevation route. The model consists of several logical divisions

that progressively solves this problem.

Initially, the model groups the terrain data into elevation bands

from which cluster centroids (or centers) are developed. These centers

become the node points for a routing network. Around a route node a

neighborhood of node points is selected as possible links to this node.

In this neighborhood each point has an exposure value which is a

function of its visibility to enemy sensors, its altitude, and its

distance from the node point. The exposure value is a penalty for the

use of this point. Each linkage is a path or leg of the route, and

all the linked nodes form a route connecting the minimum-exposure, and

minimum-elevation points. The resulting path between the initial and

final nodes provides a route for a penetrating low flying aircraft.

4.2 Clustering of Terrain Data

To group the terrain data into elevation bands the integer

arithmetic feature of Fortran software is exploited. When arithmetic

operations are performed on integer numbers, only the integer portion is

22
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retained and the decimal portion is discarded. The following

relation is utilized:

NE = (((E - 1)/INT) INT) + INT

where NE = the new elevation value,

E = the old elevation value,

INT = the band interval.

This calculation results in all elevation values within an INT

interval of each other being assigned the maximum value of that inter-

val. The process is identical to class intervals utilized in construct-

ing a frequency table in statistical analysis. Instead of using the

midpoint of the interval, the maximum in the class interval is used.

Once all the terrain data is stratified, then clusters of both high

and low elevation points can be found. Each array of 15 by 15 covers

an area of 1050 by 1050 meters. Within this area at least one low eleva-

tion cluster is identified along with a high elevation cluster. There

are some cases where the whole array represents level terrain and the

array consists of the same elevation values. When this situation occurs,

it is necessary to check adjacent arrays to determine if this terrain

is a low elevation cluster.

Since more than one low elevation cluster can occur in an array

a method was developed to determine if two points were adjacent to

each other. For a square grid a single point I has eight points

around it as shown in Figure 4.1. The points labeled A through Q

(less I) form a ring around the numbered points and cannot be adjacent

to the point I.

.......................... .- . * .. .
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Figure 4.1 Points Adjacent to I

The array is processed sequentially by searching across each row;

therefore, cluster membership is identified in order of occurrence from

the beginning of the array. For example, assume that a cluster

consists of the following points - I, 5, J, 7, 8 and P. These six

points are a cluster located in the 15 by 15 array. The clustering

procedure identifies all points of the same elevation by entering their

position into a list. The indexes of a point are combined by letting

INDEX -- 100 (IROW) + JCOL, where IROW is the row index and JCOL is the

column index. This coded number is the location of the point within

the array.

---------- f-o F]F-----------
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In this example, let the point I be in row 7, column 8. The

stored INDEX value for I is 708. The other cluster membership values

are given in Table 4.1.

Table 4.1 Cluster Membership

Member INDEX Value I-Difference

1 708 0

5 709 1

J 710 2

7 808 100

8 809 101

P 909 201

When searching this list for cluster membership the value of INDEX

provides a means to separate clusters. Since the membership is

sequential, only those points occurring after I need to be examined

(points 5, 6, 7 and 8). By subtracting INDEX values the difference

indicates adjacency.

For a point to be adjacent to I the difference must be either 1,

99, 100 or 101; any other value indicates that the point is separated

by one or more rows (or columns). Points 5, 7, and 8 are identified

as belonging to the same cluster as point I before considering the

next point in the list. When point 5 is evaluated, point J is placed

in the I cluster. The evaluation of point J does not add any new points

to the cluster since all points adjacent to J are already in the cluster.

.................... ....... .......
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Point 7 evaluation adds the last point P to the cluster. This subtraction

method is a quick process for identifying adjacency.

After determining which points are in the cluster, a center or

centroid of the cluster can be calculated. Since the data points are

planar, then each cluster has a centroid that is defined by the mean

values for X and Y within the cluster:

iln n ~

The centroids are now used as node points in the route selection

process. The centroids are separated into two groups. If the centroid

is for a low elevation cluster, it is placed in a low elevation array.

Likewise, centroids for a high elevation cluster are placed in a high

elevation array. The centroids in the high elevation array are

identified by a minus sign. Figure 4.2 gives the location of the low

and high elevation centroids that were found in the 10 by 10 km area

utilized in the model development.

4.3 Sensor-Node Line of Sight

A major consideration in selecting a tactical aircraft route is to

ensure that the route avoids enemy air defenses as much as possible.

To determine the degree of visibility along a route,each centroid has

to have its line of sight (LOS) to each sensor determined. The result

of this determination is an exposure value associated with each node point.
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To calculate the exposure value of a node point, the range between

the node-sensor combination, together with the number of sensors, is

required. The further a sensor is located from the node, the less of

a threat it is- since the probability of kill (Pk) is partially a func-

tion of range. However, the number of air defense sites having

visibility to a point will increase the Pk Since the sensors will

tend to be deployed behind and along the general flow of the main

battleline, an average range to sensors was selected as an exposure

value. The exposure value is given by:

NS
E R

EP = NS Rmax - S=l

NS

Rmax

where EP = the exposure value for node j with all
sensors that have LOS with this node,

NS = the number of sensors that have LOS with
node j,

R = the maximum node-sensor separation thatmax exists for all node-sensor combinations,

R S = the distance between the sensor and node j.

The value EP is calculated for all node-sensor combinations for both

high and low elevation. As the route is being developed, the exposure

values for the nodes are used as part of a penalty function. This

discussion of the route selection is deferred to the next section.

For large areas of terrain, the data base has to be analyzed in

segments or subareas that remain within computer core capacity. To satisfy

. . . -
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this restriction requires a bookkeeping method of array pointers to record

the progress of the LOS calculations and which node-sensor pairs have been

completed.

Referring back to Figure 3.6, the partition of the terrain data base is

shown. Figure 4.3 presents the basic planar relationship between two nodes

and a sensor. The + indicates the boundaries between each array of 15 by 15

terrain data points. Within this base the terrain elevation points represent

X - Y coordinates of a square grid system. The vector between the node and

sensor will intersect these grid lines and the array boundary lines. Along

the X-axis the array boundary lines are also the map sheet boundary lines.

Each intersection point of the vector and grid line is within 35 meters of

a known elevation point. This known point is checked for masking of the

node from the sensor. If masking occurs, the processing of this vector

(or radial line as it is called in the air defense literature) is complete

and the next node-sensor combination is processed [15]. If LOS exists at this

intersection point, then the routine steps out of the vector to the next

intersection. When the sensor location is reached and no masking terrain

point has been encountered, then LOS exists between the node point and the

sensor. The number of sensors which can see this node is then incremented

by one.

To know which terrain point is along the LOS vector, the array indices

are calculated from the vector-grid line intersection. The map sheets are

read from west to east; therefore, all node-sensor vectors are oriented

from west to east to allow one pass through all the data. In the model,

the map sheet boundaries are named after the compass directions -

id-i
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EAST, WEST, NORTH and SOUTH. As each map sheet is read,the previous

EAST becomes the current WEST.

In Figure 4.3 the node point N1 (3, 9, 300) and sensor location S

(36, 119, 350) define the end points of the vector N1 SI with an azimuth

angle a,. The other node-sensor vector is N2 S1 with an azimuth angle a2.

The location of terrain points along these vectors becomes a trigonometic

problem. The parameters defined below provide the indices needed to

extract the terrain points from the data base.

d = 
)(x2-x

I  + (y2-yl ]

cos a = (y2-yl)/d

sin a = (x2-x1)/d

f ,X 1 < WEST
Comp x = (X - West)+1, X1 > WEST

C S  ((WEST-X1 )/sin a), xl<WEST

Left Comp y

0t, x >WEST

where: d - the magnitude of the vector,

cos a - the cosine of the azimuth angle,

sin a = the sine of the azimuth angle,

Comp x - the x-axis component of the vector within the map sheet,

Left Comp y = the y-axis component of the vector for the West
boundary.
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From these parameters the row 
and column indexes can now be 

determined.

For a vector,the indices are given below.

[ x+Ax , Isinl>sin 450

COLUMN = (Ay/cosa) sin a + x , Isinac<sin 45 ,x>WEST

(x-axis) (Ay/cosa) sin a + x - WEST+l, Isinol<sin 450 ,x<WEST

RO = y + A y , Isinal<sin 450

(y-axis) (Ax/sina)cosa+y , Isinal>sin 450

The final value of the row index has to be transformed to indicate

which array on the map sheet is the correct one. Thus, the final row

index is given by integer arithmetic.

ARRAY = (ROW - 1)/15

RON = ROW - (ARRAY-1)(15)

The terrain data located at (ROW, COLUMN, ARRAY) is checked to determine

if its elevation will block the LOS. If it does not mask the nodethe

indices are incremented to the next value to be evaluated. After all

node-sensor combinations have been processed, the route development can

begin.

4.4 Route Selection.

With the node points for a route and their visibility determined,

the method for linking these nodes into a route can be finalized.

Two other characteristics of a node need to be considered along

with its visibility. The first is its elevation in relation to

surrounding nodes and the second is the distance to these surrounding

nodes.

-.-i.~<
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To determine the area size that should be considered a neighbor-

hood about a node, several military helicopter pilots were contacted

to discuss terrain following or nap of the earth flying. These pilots

unanimously report that a range of one kilometer is utilized to con-

sider their next position. Even though major terrain features used

for reference points can be seen several kilometers away, terrain

following flights require a pilot to concentrate on the immediate area

to avoid terrain impact. Therefore, one kilometer was selected as the

rectilinear distance about a node to define a neighborhood.

Depicting the relationship of nodes in a neighborhood, Figure 4.4

contains the nodes surrounding nodes 13 and 17. These nodes are in the

neighborhood of either 13 or 17. Table 4.2 lists these nodes, the co-

ordinates, and the distance from the center (1 unit = 70 meters).

The negative nodes are the high elevation centers and the positive nodes

are the low elevation centers. As can be seen in Figure 4.4 and Table

4.1, five nodes are shared by nodes 13 and 17.

With this information, a value can be assigned to these neighbor-

hood nodes based on their elevation and distance from the primary node.

The higher elevation nodes would normally be avoided in favor of travel-

ing to a low elevation node. A penalty for height is added to the ex-

posure value of each node by the following factor.

where ZP = the penalty assigned to node j,

Z. = the elevation of node j,

i3
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Figure 4.4 Node Linkage

Table 4.2 Node Links

Node 13 (113, 23, 300)

No. (X,Y,Z) Distance No. (X,Y,Z) Distance

6 (100, 10, 300) 13.038 20 (42, 27, 290) 10.770
8 (8, 10, 300) 16.971 25. (68, 8, 280) 14.036
9 (41, 12, 300) 17.029 27 (83, 38, 280) 19.799

17 (93, 25, 290) 10.198 -16 (64, 18, 290) 7.810

Node 17 (93, 26, 290)

No. (X,Y,Z) Distance No. (X,Y,Z) Distance

6 (100, 10, 300) 18.601 26 (93, 38, 280) 18.439
8 (81, 21, 290) 14.142 27 (83, 38, 280) 12.649

13 (113, 23, 300) 10.198 -12 (70, 16, 300) 14.866
15 (69, 24, 280) 14.036 -16 (64, 18, 290) 17.000
25 (68, 38, 280) 16.279 -20 (90, 31, 290) 12.083

..
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Zmin = the minimum elevation of the neighborhood nodes,

ZR = the range between the maximum and minimum ele-
vation in the neighborhood.

0 ZP. < 1

To account for distance from the central node, the penalty is

associated with traveling short distances rather than long distances.

The idea is to travel as far as possible in the neighborhood to reach

a low, least exposed node. Thus the distance factor is given by:

1PD Dmin)DPj DR

where DP. = the penalty for a short distance between the central
and neighborhood node,

D = the distance to the neighborhood node j,

Dmi n  the minimum distance,

DR the range between the maximum and minimum distance
in the neighborhood.

0 o DP. 1

Adding these two factors to the exposure value results in the following

function. [- R Rmax  R RSj

EP(ij) NS • NS
min

i L Rmax

i~- mnmnnZR DR

The linkage (ij) is from node i to node j for which j is the mini-

mum value within the neighbhorhood. Since each point and neighborhood

is considered independently of any previous neighborhoods, this method

is a dynamic programming approach to solving this problem.
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The route objective is to provide a path to the terminal position.

Therefore, some weighting should be given to those nodes which lie in

the general direction of travel. To implement this idea, the vector-

heading from the current position to the terminal node is found. The

nodes which lie within 900 of either side of this heading have a weight

of 1. Those nodes greater than 90' are located behind the current

position and have a weight of 2. The exposure penalty of a neighbor-

hood node is multiplied by this weight to give preference to those nodes

which are ahead of the current position. If a position behind the cur-

rent one has a very low exposure penalty it can still be selected, but

the route procedure will reorient to the terminal node and will favor

the destination direction.

When the route model has reached a position within 1 km of the

terminal node the weighting scheme is modified to be more selective.

The angle Of preference is reduced to 450 of the route heading and per-

tains to those nodes lying inside the 1 km range. The weighting schemes

for the selection process are given in Figures 4.5 and 4.6.

In developing the model, it was found that these weighting schemes

lack one vital criterion - radar avoidance. The first two weightings

provide the model with decision logic which improves the performance

considerably; however, if the minimum exposure point was located on

the other side of a sensor, then the logic would still choose this same

point even though the route would then be directly over the sensor.

After some testing of the model, a radar avoidance scheme was added to

the weighting preference.

Air defense radars usually will have an acquisition range greater

than the engagement range of the weapon system (guns or missiles). An
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engagement boundary around the air defense site is assumed to be the

weapon's kill radius. A vector from the current position to the sensor

is calculated to give the azimuth and range to the sensor. A cone is

used to form a high rejection area for nodes. The current position is

the apex of the cone and the base is twice the kill radius, with the

sensor at the base midpoint. A neighborhood node lying in this cone

and ahead of the kill zone has a weight of 2. If it lies beyond this

boundary the weight is 10. A node point which would cause the route to

overfly or pass too close to the air defense site is thus avoided.

Figure 4.7 shows the relationship between the current node and the

sensors, the terminal node and the new node. The angles shown in the

figure are utilized in calculating the weighting values. Integer arith-

metic allows a uniform weight to be assigned within any one area. The

equations for calculating these weightings follows.

Angle of new node j from destination heading is:

ANj - AH -180*_< ANT ! 1800

ANT = ANj - AH + 360 ° , ANT < -180 °

360°+ AH - ANj , ANT > 1800

Direction Weight is:

Wj = IANTI/900 + 1

Terminal Weight is:J 21ANTI/45 0 + 1 ,< 1 km

RW2 = I(2 iANTI/45° + 1) 100 , > 1 km
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Radar Avoidance Weight is:

0 , AS- ANj > AK

AWj 2 , RNj > RS - RK, AS - ANj < AK

10 , RNj < RS - RK, AS - ANj < AK

Where the variables in the equations and Figure 4.7 are:

ANj = the angle from the x-axis to the new node j,

Ali = the angle from the x-axis to the terminal node,

ANT = the angle between the new node and the terminal node,

AS = the angle to the sensor from the x-axis,

AK = the angle to each side of the sensor heading which
would be within the kill radius,

RS = the range to the sensor from the current route node,

RK = the kill radius of the weapon system,

RN, = the distance to the new node J,

The final exposure penalty for a node is defined by:

Nk = min (W. + RW. + AW.) EP (ij)J 3 3 3

Where Nk = the next node selected for the route,

Wj = the weight of node j based on its angle heading,

RW. = the weight of node j based on its range to terminal node,

AW. = the weight of node j based on whether or not it lies in
the radar avoidance cone.

4.5 Route Refinement

A review of the resulting routes as developed by the model indica-

tes a need for route refinement; therefore, it is necessary for the

route selection logic to evaluate whether or not route nodes are
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adjacent to each other. In an attempt to avoid air defense sites, the

route may double back on itself. Thu , the route must be refined by

determining if each node j ahead of the current position i is the

closest one. If, for example, the ninth route node ahead of the cur-

rent one is the closest position, then that node becomes the next node

to link with node i. Node i is linked to node j by the following re-

lation.

L =j min [(x.-

L(ij) x .) + (yj -yJ

j = i + I . ..... n

where L(ij) = the link between i and j,

(xi, yi) = the current node position,

(xj, yj) = the next node position.

With this refinement to the model route logic, a shorter more

direct route to the destination can be found. With the model develop-

ment complete, an example will be given in the next chapter.
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CHAPTER V

ROUTE SELECTION EXAMPLE

5.1 Introduction

The model is now utilized in selecting a route. The example de-

scribed in this chapter is a portion of a route found by the model.

Additional route problems that were solved by the model are contained

in Appendix A. The general computer outline of the model and each sub-

routine is given in Appendix B. In addition the model software is com-

mented throughout for ease in understanding the logic.

The area of analysis is 10 by 10 km. This size area is large

enough to exercise the model yet small enough to run in 30 CPU seconds

(6.5 seconds compile, 23.04 execution). The actual terrain is rolling

hills with an elevation range from 270 to 400 meters. Within this area,

3 sensors are located to provide radar coverage.

Two positions were arbitrarily selected on opposite sides of the

area as an initial and terminal node. These two positions are situated

such that the three sensors are between these points. Any route found

will have to consider node positions that lie near the sensors since

they act as a barrier to be crossed.

5.2 Elevation Nodes

The initial part of the model provides the clustering of terrain

data into high and low elevation groups. Within each group a center is

found that becomes a node point for selection. The example clustering

results were 106 low elevation nodes and 94 high elevation nodes.
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Within the low elevation group, the initial and terminal nodes are in-

serted so that when the nodes are ordered by rows they will be in se-

quence. The first node is also the initial node. The terminal node

is number 86. All high nodes are indicated by a minus sign.

5.3 Line of Sight Calculations

The amount of calculation required in identifying the nodes is

minimal and consists mostly of comparisons and list searching. The

first portion requiring any degree of computation is the LOS calculation

in subroutine RADIAL,

For these calculations low elevation node 10 and high elevation

node -11 were selected as examples for determining LOS. Two sensors

will be used, as the calculations for more combinations are the same.

The coordinates of the two nodes and sensors are given in Table 5.1.

Table 5.1 Node-Sensor Coordinates

Node (N.) (X, Y, Z) Sensor (R) (X, Y, Z)

10 (29, 14, 310) 1 (68, 70, 300)

-11 (12, 16, 330) 2 (47, 99, 310)

The first step performed by the model is to determine if the node

or sensor is the western most point. Comparing X values in Table 5.1

indicates that both nodes are to the West of sensor 1. Node 10 will be

analyzed first.

Table 5.2 gives the initial values for the variables used in this

example. The horizontal scale is one unit equals 70 meters and the

vertical values are in meters.
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Table 5.2 Parameter Values

Map Sheet 2
EAST 30
WEST 16
SOUTH 1
NORTH 150
Earth Curvature (RE) 8490200.0 meters
(radar 4/3)
Vehicle Height (V) 10.0 meters
(Aircraft)
Sensor Height (S) 3.0 meters
GRID 70.0 meters

The first value needed is the horizontal distance between the node and

the sensor.

d = [(x2 - X) 2 + (Y2 - Y)]V

d = [(68 - 29)2 + (70 - 14)2]

d = 68.242

The azimuth angle cosine and sine are:

cosT = (Y2 - Yl) /d

cosca = (70 - 14)/68.242

= 0.821

sina = (x2 - x1 ) / d

sina = (68 - 29)/68.242

= 0.571

The tangent between these two points will determine whether the

eastern point lies above or below the horizontal as measured from the

western point. When calculating the tangent, the height of the vehicle

and sensor are added to the appropriate point. In addition, the earth

curvature for the radar beam atmospheric refraction is accounted for

by the following relation [16].
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Ref = 0.5 (d)(d)/(RE/GRID)

Ref = 0.5 (68.242)(68.242) /(8490200.0/70)

= 23 28.5/121288.57

= 0.0192

The tangent is:

TanB =((ZR+ S) - (ZN. + V) - REF)/(d)(GRID)

TanB = (303 - 320 - 0.0192)/(68.242)(70)

= -0.0036

The absolute value of sinct is compared to the sine of 450. Since

0.571 < sin 450, then the direction is either north or south. The

cosine is a positive 0.821 which indicates a north heading. When the

cosine is negative, a south heading is indicated. The y position is

found for the north or south direction by incrementing y by one plus

any west boundary offset. In this example the Left Comp y is zero.

The integer value of y is used for the data base row index and is found

by integer arithmetic.

ROW = y + ay

-14 + 1 = 15

ARRAY (ROW - 1)/15 + 1

- (15 - 1)/15 + 1 = 1.93 = 1

ROW : ROW - (ARRAY - 1) (15)

- 15 - (1 - 1) (15) = 15

The column position can be found by the following.

COL = ( y/cos a ) sin -x + x - WEST +. 1

= (1/0.821) (0.571)+ 29.0 - 16 + 1

= 14.70 14

........................,
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The position of the first point to be extracted from the data base is

located at (ROW, COL, ARRAY) = (15, 14, 1) of the second map sheet.

Now that the elevation of 308 has been found at this point a tangent

is calculated to determine if this new point masks node 10 from sensor 1.

The distance to the new point, d', is given by:

d = Ay/cos

1 1/0.821 = 1.22

Ref' = 0.5 (1.22)(1.22)/(8490200.0/70)

= 0.5 (1.22)(1.22)/121288.57

= 0.000006

Tangent a for the new point is calculated by:

Tan a = (Zn - (Zi + V) - Ref')/(d')(GRID)

where Zn = the elevation of the new point.

Tan a = (308 - 320 - 0.000006)/(1.22)(70)

= -0.14

Since tan a < tan s, this new point does not mask the node

(-0.14<-.0036). The value of y is incremented to find the next grid

point to be extracted from the data base.

y =2

ROW = 14 + 2 = 16

ARRAY = (16 - 1)/15 + 1 = 2

ROW = 16 - (2 - 1) (15) = 1

COL = (2/0.821) (0.571) + 29.0 - 16 + 1

= 15.39 = 15

Qh
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The second point from the data base is located in position (1, 15, 2)

(Z = 304). Since the column is equal to 15, the eastern edge of the map

sheet has been reached. In this case this second point does not mask

the node, but any further calculations have to wait until the third map

sheet is read into core storage.

The second node:' number -11, is located on map sheet 1. Since

this example began on map sheet 2, then the procedure for starting on

the second map sheet, where the first map sheet processing stopped, will

be shown. The basic calculations of sine, cosine, etc. are similar and

are given below:

d = [(68 - 12) 2+ (70 -16) 2 -2

= 77.795

Cosa = (70 - 16)/77.795

= 0.694

Sin (68 - 12)/77.795

-0.720

Ref 0.5 (77.795)(77.795)/(121288.57)

-0.0249

Tan -t (303 - 340- 0.0249)A77.795) (70)

--0.0068

In this case, sin a > sin 450; thus the direction is east. For a

easterly vector the value of x is increi,,,ented by one to find the next

position, but the value of y is calculated. Since x <WEST, x and

COL are set to 1. The row index of y is calculated by

ROW = (ax/sinc, cosa + y

= ((06 -12 + l)/ 0.720) 0.694 + 16

= 20.82
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ARRAY = (ROW - 1)/15 + I

= (20.82 - 1)115 + 1 = 2

ROW = ROW - (ARRAY - 1) (15)

= 20.82 - (1)(15) = 5

The first position in the second map sheet for node -11 is (5, 1, 2).

The tangent of this new point is calculated the same as shown for node

10. The tan a < tan in this case; therefore, the next position on

the vector is found and checked for LOS.

The result of these computations is the number of sensors which

can see this node. Having obtained this count on each node-sensor

combination the exposure value for the node can be computed. For node

10 the count is 3, since all sensors can see this node. The Rmax value

for the node-sensor combinations in this example was found to be 161.941.

The sum of the distances to the three sensors is 252.589. The exposure

value is:

REP=NS max - NS

R
max

= 3 161.94-252.589 ]

= 1.440

5.4 Route Selection

For the route selection method, the initial point and the next to

last point along a route were chosen as examples. The initial point is

. . ..
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also node 1 (7, 3, 270) and the terminal point is node 86 (87, 124, 310).

Starting at node 1, the route seeks the minimum exposure point in the

neighborhood. The nodes surrounding node 1 are given in Table 5.3.

Table 5.3 Neighborhood Nodes

Node (x, y, z) Distance Exposure Value

4 (3, 9, 300) 7.211 0,672

-6 (13, 4, 400) 6.083 1.122

-8 (17, 5, 400) 10.198 1.167

-11 (12, 16, 330) 13.928 1.310

The distance and height penalties are now added to the exposure

value for these points. The height penalty is given as:

ZP. z 7. - Z3 _3 mini
ZR

ZP4  = 300 - 300 = 0.0

ZP_ - 400 - 300 = 1.0
100

ZP_ 8  400 - 300 = 1.0

ZP_ 11  330 - 300 = 0.3
-00

The distance penalty is:

oP. 1.0- 0L2min
DR I

DOP 4  : 1.0 -7.211 -6.083

1.0 - 0.144 : 0.856
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DP6  1.0 ( 6.083- -6.083)

1.0
DP 8  1.0 (10.198- 6.083)

1.0 - 0.525 0.475

OP1 1  1.O -13.928 6.083- 7.845

1.0 - 1.0 = 0.0

The final penalties associated with these nodes are:

Node 4 1.528

Node -6 3.122

Node -8 2.642

Node -11 1.610

ThE direction weighting of these penalty values are determined by

computing the azimuth of the terminal and neighborhood nodes. Table

5.4 gives the azimuth angle to the nodes, their weight and their final

penalty value.

Table 5.4 Weighted Penalty Value

From To Anqle x-axis Angle from Headinq Weight Penalty

1 86 560 0°  - -

1 4 1230 670 1 1.528

1 -6 90 -470 1 3.122

1 -8 110 -45o  1 2.642

1 -11 680 120 2 3.220
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To compute the Table 5.4 entries for node 4 the following values

are found using integer arithmetic.

x-axis AN4  = ARCTAN (Y/X)

= ARCTAN ((9-3)/(3-7))

= -56.310

Since the angle is negative, it is subtracted from 1800.'

AN4  = 1800 - 56.31' = 123.69' = 1230

ANT = 1230 - 560 = 670

Weight W. = ANT / 900 + 1J

= 670/900 + 1

= 0+I = 1

Penalty EPij = (Wj) (EP.)

= (1)(1.528) = 1.528

Node -11 is the only one in Table 5.4 that utilized the radar

avoidance weighting. Sensor 2 is almost collinear with nodes 1 and -11.

For this example, the weapon system kill radius is 1.5 km or 21.43 in

units of 70 meters. The calculations below would be made for all sen-

sors and all nodes in the neighborhood, however, only node -11 is af-

fected in this case.

Angle to sensor 2 is given by:

x-axis AN-11 = ARCTAN (Y/X)

= ARCTAN ((99 - 3)/(47 - 7))

= 67.38' - 670
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Angle of 1/2 cone is given by:

RS = [(99 - 3)2 + (47 - 7)2]

= 104.00

AK = ARCTAN (21.43/104.00)

= 11.640

Angle between sensor 2 and node -11 is given by:

AS - AP (from Table 5.4)

-l' = 670 - 68'

-I' < 11.640

Therefore, node -11 is in the cone of high rejection.

AW. = 2, distance node -11 < sensor 23

(13.9 < 104.00)

The next to last node along the route, number 78, utilizes the

terminal weighting scheme. The values associated with node 78 are in

Table 5.5. In this table the terminal node 86 has the smallest weighted

exposure. The values in Table 5.5 are computed as shown previously

except for the weight entry. The weight value for nodes 71 and 72 are

found below.

For node 71:

RW. : 2 ANT/450 + 1 (13.153)(70) < 1 km

= 2 (-179/45) + 1

=2 (4) + 1 =7

A I~ '
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For node 72:

RW. (2 ANT/450 + 1) 100 , (15.0)(70) > 1 km

=(2 (-134/45) + 1) 100

(2 (2) + 1) 100 =500

5.5 Route Refinement

To provide an example of route refinement consider the following

situation given in Table 5.6.

Table 5.6 Linkage

From Node (X, Y, Z) To Node (X, Y, Z) Distance

31 (11, 45, 280) 30 (23, 43, 280) 12.166

30 - 28 (8, 40, 280) 15.297

28 - 35 (21, 50, 280) 16.401

35 - 34 (11, 49, 280) 10.050

34 - 45 (1, 64, 300) 18.028

The linkage between these points can be seen in Figure 5.1.

From the figure, it is seen that node 34 is the closest node to node

31. The model determines this fact by comparing distances between

nodes. The distance from node 31 to each of the nodes ahead of it is

computed to the end of the route by the model; however, for this ex-

ample, the process will stop at node 45. Table 5.7 gives the dis-

tance values for each of these nodes.

.... ..... *
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Figure 5.1. Linkage Example.

Table 5.7 Distance from Node 31

Node Distance

30 12.166

28 5.831

35 11.180

34 4.000

45 21.471
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The closest node to node 31 is node 34. In the refinement pro-

cedure, node 31 would be linked to node 34. Nodes 30, 28 and 35 would

be eliminated from the route. The next node in the sequence, node 34,

would now be compared with all nodes ahead of it for the closest node.

The model continues to evaluate each new node on the route until the

destination is reached. The results of this procedure become the

refined route.

- ,.. ...... . , ,,,.,,. .. .. , -1. . .. . - 2



CHAPTER VI

MODEL RESULTS

6.1 Introduction

To evaluate the effect of sensor location on the route selection,

two sets of sensor deployments were chosen along with two sets of

beginning and end points. Since the test area was predominantly level

terrain, a second small area was chosen of moderately rough terrain.

The results of the two small 10 by 10 km terrain areas are pre-

sented first, followed by the large 35 by 35 km area. To run the large

terrain required increasing the dimensions of several primary arrays.

The computer processing time for the large area increased by a factor

of 10.

A plot of the route has proven to be the best analysis tool in

evaluating the resulting routes. The tables provide the quantitative

results; however, the route figures provide a visual comparison between

routes that is discernible.

6.2 Small Area Analysis

The performance of this model was judged by varying sensor and

route end points to provide different routes. Tables 6.1 and 6.2 pro-

vide the location of sensors and route end points utilized in the two

small terrain areas. Each set of sensors was deployed against each

route, resulting in four cases for each area as shown in Table 6.3.

57
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Table 6.1 Sensor Locations

Area 1

Set 1 Set 2

Sensor (X,Y,Z) Sensor (X,Y,Z)
1 (68, 70, 300) 1 (115, 116, 330)
2 (36, 119, 350) 2 (90, 84, 340)
3 (47, 99, 310) 3 (103, 45, 320)

Area 2

Set 1 Set 2

Sensor (X,Y,Z) Sensor (X,Y,Z)
1 (28, 114, 330) 1 (78, 57, 350)
2 (61, 90, 380) 2 (85, 42, 340)
3 (78, 71, 350) 3 (100, 17, 320)

Table 6.2 Initial and Final Route Points

Area 1

Route Node From (X,Y,Z) Node To (X,Y,Z)
I 1 T7, 3, 270) 86 -87, 124, 310)
2 31 (11, 45, 280) 96 (135, 135, 360)

Area 2

Route Node From (X,Y,Z) Node To (X,Y,Z)
1 3 26, 4, 350) 81 (118, 111, 310)
2 35 (11, 50, 300) 84 (128, 114, 320)

,9 ;, i
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Table 6.3 Route Cases

Sensor
Case Area Route Set

2 12 1
3 11 2

4 12 2
5 2 1 1
6 2 2 1
7 2 1 2

8 2 2 2

The initial point and the destination point are placed in the low ele-

vation array with their node number within that array given in Table 6.2.

Except for the initial and destination nodes, the set of high and low

elevation nodes for an area is determined solely on elevation. They

remain constant for all scenarios. Table 6.4 indicates 106 low elevation

nodes and Table 6.5 indicates 94 high elevation nodes. Tables 6.6 and

6.7 give the exposure values of these nodes for the first set of sensors.

These values will change with each sensor deployment and the number of

sensors. The first entry in Table 6.6 corresponds to the first entry

in Table 6.4 with the other values corresponding in the order given.

Likewise, Table 6.7 entries correspond to the entries in Table 6.5 in

the same manner. The data contained in these four tables Oirovide the

basic information required for the route selection.

The results of the route selection process for the first case is

given in Table 6.8. The node linkage is from node i to node j with the

All _ __I
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Table 6.4. Low Elevation Node Points

X:CCOROIO.ATE 7 138 128 112 Ito: 68: 81 1 56
Y.COO D!PaAT ' 8 9 1 10 1 12 12 13
CCOROINT E 270 300 300 300 300: 300 2910 2 0 300 2510

Y :COOP E11 ATE V' 1 20 115 6 69 15ft1 193 79 25 02
Ycoo R 0,NTf 14 22 2! 2' 2' 25 5 6 27 27
Z.CCCRC %ATE 310 2" 300 300 280 300 250 28'0 300 290

;-CCCRCP.ATE t: 121 146 112 *a 93 83 53 .8 39
-cooCIN OTr 21 31 34 35 Be 36 38 Be 50 52
2-COOrCINATE 200 100 300 3 M 280 280 2F0 280 28! 280

X-CC00R0IKATE 23 37 33 11 21 60a 03 93! 112 15
Y-CCORDINATE 4! 47 49 4s 50 51 52 54 56 !9
Z-COGCt1ATS 28V 280 280 28C 2eC 080 260 280 300 300

X -C 00RCI NA T f 127 84 94 67 1 25 56 128 113 143
T-CCOAOIKhTE !s 63 E3 6! 6' 64 fi 66 66 68e
Z-COORDINATE 31, 250 2510 29C 100 300 2t0 !00 !GO 300

X-CCC8DIl.YTE 3 e 94 144 135 a 30 '2 60 1!5 a
V-CCOPOINATE 64 76 76 76 77 ?7 e01 83 83 8s
Z-CGCRCOATf 3.10 200 300 310 340 310 300 300 300 300

X-CCOPOO*ATE 1op 92 050 30 44 111 !t 65s 12* a
V-CICROINATE PC 85 ?1 90 5! 94 S! 57 s* se
Z-CCORQONATE 33C 300 360 330 310 330 300 300 3!0 350

X-COCRCt%ATr S3 9' 1t0 1.^6 45 56 73 e5 56 106
Y-CCORDO%ATE 9P 9s 1ot 1.5 106 1C6 107 111 113 114
Z-CCORCINATE 3;G 10 3 360 33C 130 !2c 3cc .100 ,G0 31C

X-COORCINATE 7r 145 122 16 16 ST i1 113 5? 123
Y-COORDI1NATE 117 115 119 12C 122 1 25 127 129 12P 129
Z-COORDINATE 300 34c 330 30 3CC 31C 300 330 330 !50

x-CTCR INA TE 66 91 147 7! 32 23 14 25 83 38
Y-CCORD0PK87C 129 129 132 113 5 135 135 1!7 141 143 14#
Z-CCOPOTNA'! 301 !00 33 3 1 c 31^ 30!. 3c0 200 100 360

X-CCORDIP.ATE 96 53 156 be 106 124
Y-CtcpCRCON*1 145 1*6 0*6 047 16q I50
Z-CCCRDINjATE 300 300 !20 50. 30; 320

NUPO.Z0 Cr NOCIS 1ot
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Table 6.5. High Elevation Node Points

X:CC0R0It4TE 32 46 F? 121 149 13 .15 1? 94 7
V CIOAOI%4TE 3 2 3 1 3 S 5 5ZC0, 1"AT 330 310 a 0 Do 30 0 31c 600 310 300

x-CO0POIP.ATE 12 90 31 67 is 64 1%? 100 127 93
V-CC'C'0O1 ATE 16 16 17 1n 1A 18 20 26 30 31
I-CCOQC!%ATE 330 .100 310 320 !!0 290 310 300 320 290

A MAD~hTE 11 47 21 35 12(k 115 1: 1 10 10! 116
f:CCADI',C-:RE,% E 32 32 35 37 !9 42 62 65 66 69
Z-CC~nZ!%ATE 290 290 300 290 3!0 330 33C 330 320 330

X-CCCP31Kh10 160 129 38 27 t4 68 02 10 83 51
v-CCO CIKATE 53 56 !6 5? 59 59 !9 60 70 10
2-CPOfORIIATE 33P 330 S0o 300 290 300 290 310 300 300

A-VCpcPf%*7( 66 0, 32 17 113 122 106 139 q0 105
Y-COORDTkATE 71 72 76 76 75 75 7.5 75 80 s0
Z-C ORCTNATE 300 330 310 330 363 330 33C 310 11C 360

v-CCCRZINATE 115 a 33 17 1!5 07 142 13! 22 104
V -CQa CI~.1 K5 Ay 87 ee 89 so 90 90 S7 S9 S9
2-CCORDATl 350 M.0 330 35C !70 310 390 40 350 330

A-CICROI%ATE 142 115 67 32 61l 105 13! 9 162 116
V-COORDINATE 99 001 104 106 105 106 307 107 108 109
Z-CIOPCINATC 600 350 330 350 320 330 390 350 400 354

X-COOROINATE 25 !5 65 69 17 135 10 ~1 27 67
Y-CO000110TE 113 115 016 116 lie 122 * 124 127 121 120
2-C0060146?( 350 350 330 34k0 320 350 350 320 350 330

X-CCC90INATE 103 48 61 2 104 44 127 49 6 -k 71
-C305.OINSTE 129 129 030 131 1s? 137 1.17 137 13d 138

Z-C0,pCI.AT( 330 M5 3 1.0 380 11 4 360 360 330 310

X-CCORC1NATE 3 140 015 1'P

V-C~OPOI685 143 143 146 148
Z-COOPOIPAYE 380 330 330 360

ojumSCR OF NOU.S 94

O.A
*~~~a - aA~
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Table 6.9. Node Linkage

"C CE ~. 1 I LINKS
8,9,2 CCO 2N 1T. 7. . 7
LI~iC TO to6 B 1
EXPCSURC IS2 311 263 160
WEIGiICOD 15! 312 264 322

No DE 600 I4 TOTAL LIN'S 5
B.V:Z ftOCINT1 3-.6' 300

LINK~ TO 14 _I -I 1
EXPCSURC 172 311 2!7 26? 160
WFIG.rTEO !46 312 516 2E3 3!8

%COE1 NO. -e ItIAL LINKCS A
X4,9,ZjOOFCI*ATCI 17. 5. 400
LI, t , TO II -. -11I -15 -1 -13
E XNOS U A 163 311 197 190 166 14S
WEIS-TED lift t24% 196 398a 167 26!2

Noel P;C. 11 TCTAL LIN.KS 6
X.1.2 CCORZINATE 2s. 4q, 310
LINKE: TO I 1is 20 -13 -1 -15
EXPCSuRC 2C6 215 167 294 266 201
WEIG.-TEO 207 216 336 590 534 514

NOCE N0. 9 TCTAL LINKS c
X,Z COOF2INDTE 41, 12, 300
LINO(2 10 10 -14 -2 -13 -1
EXPOSuRE 144 277 246 253 254
AEOG.-TEO 145 270 494, 254 !10

NODE '.0. 10 TOTAL LINKS 7
Xe1,2 CCOACINATE 56# 1!* 290
LINKE: TO 7 21 1! 2 C -16 -1& -2
EXPCSu--E 244 214 107 199 2e4 360 27b
WEIGI-TED 245 430 148 200 285 309 55.

NCCE NC. 15 TC
T
AL L!NKS 7

X.9.2 CCC2:14A1C 6S, 2'. ;9C
LINA01 70 is ;1 7 25 1 27 -16
EXPC~uPE ;!1 246 295 -34 240 116 342
WE IG"TEO 247 247 !72 470 '9f 177 666h

%00E N0. 27 YIOL L'.KS ?
X.9,2 CCO'r,0NATE es. 38, 2p2
LINKEC TO 26 is 37 25 17 36 -2c
EXPCSUNE 265 VI1 237 235 272 209 349
WfICNTCO 266 464 250C 47; 546 Z1.0 710

NCC( kc. 26 TCTAL LNKS
012CCC'I.ATE 9!. 3F$ 28C

Llk'C: TO 17 !7 is -20 -20 .2q -1 F
EYF, VAE 16 ;:9 159 278 301 277 2;2
kE106110 4!4 '20 320 550 !02 278 4.f

NOCE hC. -29 TOTAL LINKS
C,,2 COC0%A'E 105, 46# 320

LINECO TO 39 24 3p -21 -26 -30 -2c
ExVCIuPE 246 i10 161x 359 2S3 295 1'e
WEIO61TEC 247 &!0 324 720 !es 296 3P0

NODE %C. 39 TOTAL LINKS t
x,1,2 CCCRINAATE Ila. 56,s 300
LI06KOC to &'5 '1 -30 -20 -26i
EXPC;VRE 2'? 172 146 209 2!!
w01Co-TED 242 346 694 sea 500

8000 NC. 49 TOTAL LI'KS 6
0.9.2 C000:INATE 113, 61,i 300
LINPEC TO '0 '1 -45 -46 -47 -50
EXPCSURE 70 171 371 Is? 300 2F7
WCI&.TEO 150 3'4 372 100 022 264
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Table 6.9. (cont'd.)
NO0E NC.O 46 TCTAL LINKS 0
.. z COON:INATE 126. 6b. 300
LINKEC TO 41 54 50 -46 32 *'- *s 3

V PSU E 264 f1 '7 204 259 15 213 181
W EIr4T 0 -33 52 156 205 520I 58 1.48 376

NODE NO. -49 TOTAL L!NKS 4
X9Y.Z COO4:INATE 139. 75. 310
LINNC TO !3 54 50 -55
EXPCSURE 1!0 !14 1?! 23'
WE I TEO 2c2 :so 252 23p

NODE NO. 53 ICTAL LINKS 5
XvY9 C0041N671Y 144, 76. 300
LINKED O ;0 !0 4 63 -57 -55
EXPOSURE i53 98 71 253 21!
WEIGv4TO ED 6 6c 9 12 254 216

NCDE NC. 63 TCTAL LISMS 13
X#,9 CCOOGINATE 150. 91. 360
LIN-Er TO 71 -57 -61 -55 -59
EOPCStURE 26 299 283 116 235
WE!GrTEO 27 t30 284 354 472

NODE No. 73 ITTL LI'KS I
1.Y,2 COCPLINATE 150. 105. 360
LINKED TO e2 -ss -11 -61 -5e -57 55s
EXPCSURE 56 3;2 3!2 266 270 :41 1617
WE IGP-TED 57 32 3 313 53' 54; 242 top

NODE CC. E? 'OhAL LNS 5
XY,Z CCCUZIfjATC 145. 115. 54C
LINKEC- TO 93 . -.7 - ~-76 -67
E 0 CCufC a5 Z:4 ZP8 161 e21
iE16-TED 46 z :5 2s9 162 '444

WEC Nt. 93 TOTAL LINKS 41

X9Y.Z COO R:I'.,TE 147. 132. 350
LI1NEC TO io! -17 -92 -76
EXPOSURE 61t 273 1!4 119
WEIGH'TED 124 548 155 360

140CE 04C. 103 TOTAL LI%NS 6
X.T.Z CCOR:INATE 146. 146. 323
LINKED TO i0 83 -92 -87 -77 -76
CAPCSUAE .71 98 170 231 216 210
WE 10-TEC !44 198 !42 46' ;17 p11

4CCE %^. 63 'OTLL LINKS -

1.7,2 C3OQOINATE '22. 11'. 33C
L164EC T7 so a e -73 -7t E17
E-PtSuPE ;65 2227 2!2 172 ;!'
b-_IOTEC 246 228 261 34S 47c

16001 NC. 88 TOTL LINKS
Xv9.2 CCCPOKN%&!E I1!, 12E* 330
LINKC TO 9.0 a c -!I F C -P7
EXPOSURE 310 19e 341 233 229
WEIGHTED 622 398 342 234 469

NOCE NC. -05 TOTAL LINKS 12
X*TZ COORDINATE 104o 13'. 330
LINKEL TO 91 90 CC 83 74) Ta -81 .87 -90 .78
LINKEC TO -70 -75
EXPOSURE 115 254 130 242 230 151 33! 251 4! 194
EXPCSL:AE 177 113
WEIGHTEC 2!2 !10 V2? 243 462 304 33t 500 4' 390
WEIGHTED i'8 36e

ftCOE %C. -9C TOTAL L!%KS
0,9.2 COOACO%ATf 77. 13E9 311
LINKED TO 91 66 -75 -8' -80
EXPOSURE 1!' 96 Z03 243 290

WEGTD 13! 97 S06 4e4 !#2
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corresponding penalty associated with this pairing. The easting and

northing values are the number of meters from the southwest corner of

the area. This corner is the standard position for reference on a map.

Knowing the southwest corner of the actual map area being analyzed, tne

nodes can be positioned on the map by finding the point X meters easting

and Y meters northing from the southwest corner. Table 6.9 contains

the neighborhood nodes for each node along the route. Three data items

are provided: The nodes are listed on the third line, the unweighted

exposure value pertaining to that node is listed on the fourth line,

and the final weighted penalty for the node is given on the fifth line.

Figure 6.1 shows the position of the sensors and the resulting

route for the first case. The route avoids the air defense sensors by

traveling east before turning north. The destination point is

approached from an easterly direction.

Figures 6.2 through 6.8 are the resulting routes for the cases

listed in Table 6.3. In each Figure the location of the sensors are

shown. The terrain in Figures 6.1 through 6.4 is flat to moderately

hilly. There is a valley that proceeds from the southwest to the

northeast through the center of this terrain. The rough terrain is

located to the southeast and east. A large flat-top hill is located in

the northwest.

The terrain in the second area is rougher (Case 5 through 8).

There is a prominent ridge running from the southeast to the center of

the area. There are valleys on each side of this ridgeline that join

in the northwest. In Figures 6.5 and 6.7, the route selection was

difficult with the sensors located in the northern and central areas.

When the sensors were located on top of the ridge and to the south,
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the routes selected follow the base of this ridge (Figures 6.6 and 6.8).

6.3. Refined Routes

These initial routes shown in Figures 6.1 through 6.8 were refined

and the new routes are shown in those cases where improvement could be

achieved. For case one, the refinement process accepted the initial

results as final.

In the other cases improvement was achieved by the refinement process.

The improvement in case two occurs at the beginning of the route (Figure 6.9).

The route initially headed north and was not able to avoid the air defenses.

The model reversed directions and utilized a southern route. The route

refinement eliminates the first several nodes to achieve the improvement.

The radars are located in the east for cases three and four. The

initial routes are to the north; however, the hilly region in the northwest

caused the selection process to change directions and proceeds south. The

refinement in case three smoothed the initial portion of the route (Figure

6.10). The destination point in case four is located beyond the line of

radars; thus, causing the route selection to double back to avoid the

air defenses. There is significant improvement when the route is refined

(Figure 6.11).

In area two, the rougher terrain resulted in three of the four

routes doubling back significantly. With the radars deployed on the

high ground to cover the approach corridors, the route meanders

considerably since the model searched for an acceptable low exposure

route (Figures 6.5 and 6.6). The selection process finally reached

node 45 from which the radars could be breached. Figures 6.12 and 6.13

........
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shows consierable route improvement when these routes are refined.

Figure 6.13 indicates that the route refinement is not perfect in

that there is obvious improvement by proceeding directly from node

35 to node 52.

Case seven was the only route in area two that the initial route was

acceptable. Only the first three nodes are eliminated in the refinement.

For case eight, the initial node is located in a narrow valley forcing

the route selection to proceed south. This direction is towards the air

defenses causing the meandering in the route. The refinement caused the route

selection to be across the valley entrance slope to achieve an acceptable

route. The routes in Figures 6.14 and 6.15 are mostly along the base of

the ridge. In Table 6.10 is a summary of the improvements in terms of

nodes traversed.

Table 6.10 Route Improvement (Node Traversed)

Case Initial Final

1 25 25

2 32 24

3 26 18

4 57 20

5 37 13

6 51 17

7 20 16

8 39 15

77 ' M 11
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6.4 Large Area Analysis

Several size terrain areas were utilized to evaluate the model's

performance. The initial point was held constant and the destination

and number of sensors were varied. Table 6.11 gives the location of the

sensors and the size area where they were utilized. The areas ranged

from 20 by 20 km to 35 by 35 km. The elevation varied from 270 to 610

meters for the 20 by 20 km case and varied from 270 to 850 meters for

the 35 by 35 km cases. The limiting factor in the area size is computer

core capacity.

The southwest corner of each area is the same. The larger size

areas are obtained by increasing the x and y distance from this corner.

The test area discussed in section 6.2 is the southwest 10 x 10 km

sector of these larger areas. As one travels from the southwest to

the northeast the terrain becomes progressively rougher. Thus, the

routes were selected to travel this same direction. They begin in the

southwest and end in the northeast sector. Since the areas are larger the

lethal radius of the systems were increased to 6 km.

The large size of these areas resulted in voluminous output from

the model. Therefore, the results are summarized rather than presented

in detail as the small areas. The routes developed by the model had

the same characteristics of the small areas. The route end points and the

sensor deployment determined the smoothness of the route. The routes

for all cases would begin fairly straight; however, the deployment of

the sensors and terrain roughness would cause meandering of the route

when it reached the central area of the 35 by 35 km case. The refinement

process eliminated the doubling back as it had done in the small cases.
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Table 6.11 Sensor Deployment

20-20 km Area 35-35 km Area

Sensor (X,Y,Z) Sensor (X Y, )

1(97, 280, 500) 1 (300, 414, 490)

2 (165, 250, 440) 2 (371, 214, 490)

3 (193, 71, 400) 3 (14, 314, 450)

25-25 km Area 4 (285, 328, 460)

Sensor (X, Y, z) 5 (228, 407, 520)

1 (97, 280, 500) 6 (285, 243, 450)

2 (165, 250, 440) 7 (200, 214, 410)

3 (193, 71, 400) 8 (336, 71, 350)

30-30 km Area 9 (364, 288, 530)

Sensor (X,Y,Z) 10 (97, 280, 500)

1 (97, 280, 500)

2 (336, 71, 350)

3 (364, 288, 530)

Table 6.12 provides an overall summary of the six large cases.

The computer processing time for each of the cases indicates that

terrain size significantly increases the run times for the model. The

30 by 30 km case, when compared to the 35 by 35 km case of three radars,

indicates the deployment and route end points can produce very different

results. The initial routes for these two cases are refined to approxi-

mately the same size. In all cases the refinement provided an improvement

in route performance by reducing the penalty.
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CHAPTER VII

MODEL VALIDATION

7.1 Introduction

For the model to be of any utility, it must be tested and vali-

dated. A comparison is required between a tactician's route analysis

and the heuristic model which attempts to approximate that analysis.

The test area has relatively flat terrain through the center

region and high ground on the eastern edge and in the northwest

corner. The hilly areas are difficult for the model logic to process

into a smooth route line that an individual would expect to see for a

route.

A tactician planning a route needs to visually perceive the

relationship between the route initialization, positions to be avoided,

and the final destination. The air defense sensors will be bypassed,

if possible, by traveling around these positions outside their effective

engagement limits. However, one tactician's ideal route may be another

tactician's worst case. The manually produced route is a highly

subjective analysis.

7.2 Manual Route Selection

The development of a route by manual analysis requires studying a

topographic map of the appropriate area. The development of a low

flying aircraft route dictates the type of information desired: The

87



88

location of the air defenses, the valleys, the hill tops, and the

built-up areas is important. The information concerning the area

is utilized in the route selection to avoid the air defenses and

enemy concentrations.

The problem with reading a topographic map is trying to perceive

the 3-dimension aspects of the terrain. Ordinarily, relief is shown

by contour lines. For level terrain the contour lines are widely

spaced whereas rough or hilly terrain will have densely packed contour

lines. The rivers and streams give the location of valley floors and

lowest points in flat terrain. One method for showing the vertical

aspects of the terrain is to draw a profile of the elevation. Along a

line between any two points the contour elevations are plotted, from which

LOS can be determined and the degree of terrain roughness (see Figure 2.2).

For a large area and even a modest number of points this approach is

impractical.

Figure 7.1 depicts the terrain area used in the test case and

indicates the relative position of the hills and valleys with the

sensors. The routes shown in Figure 7.1 were developed by questioning

analysts whose expertise is in air defense routing. Providing them with

the location of the sensors and the route end points on a topographic

map, the routes A, B, and C were chosen. If a direct route is required,

route A is proposed since it follows the valley floor and passes midway

between two of the sensors. If the sensors are to be avoided, routes

B and C are chosen since they utilize the hills as masks and bypass

**~~**<<~~~* . -*i.I.
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the sensors. Routes B and C are preferred by all the analysts. The

question of model validity is whether or not similar routes are

produced when the model uses its decision logic.

7.3 Model Route Selection

For development and testing of the model a 10 by 10 km area was

selected from the 35 by 35 km data base that is representative of

both relatively flat and hilly terrain. In the initial testing, the

model would form a circuit through several nodes before returning to the

starting node. After these first runs, decision logic was added in the

form of weighting as described in Chapter IV. The major piece of

information the model considers that the tactician has difficulty in

assimilating is the LOS determination. The degree of visibility a

node has with the sensors provides a basis upon which a quantitative

selection can be made.

To test this hypothesis, the model was run with different levels

of information available to the decision logic. With only the

distance and height of neighboring nodes, the model produced a very

irregular route. The model would exhaust the nodes in the neighbor-

hood before leaving that immediate region for any new points (Figure 7.2).

With the exposure value of a node added to the decision logic,

this second level of information allowed the model to produce a node 1

linkage which resembled a route (Figure 7.3). The third level provided

data on radar location and range with which the model was able to

produce a route that approximates the route an individual analyst would
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select (Figure 7.4). In Figure 7.4 the radars are deployed in

the northern sector and the route avoids them by a southerly route.

When the destination is within I km of the current position the final

terminal weighting forces the choice of the next position to be the

destination or an intermediate node. Normal attacking procedures

have some distance from target at which the attack is committed and

one proceeds directly towards the target. With high speed aircraft

(250 m/sec) this attack point is 3 to 6 km away depending on the

type of ordnance being used. Stand-off munitions exist that allow the

attacking aircraft to be 20 or more kn away when releasing their ordnance,

if the target is heavily defended.

The results of the model are a series of linked points which

comprise a route. A comparison of Figure 7.4 with Figure 7.1 indicates

that the preferred route C is approached with the radar avoidance

weighting. The degree of match between the model route and the manual

route give a visual indication of acceptability.

7.4 Model Evaluation

The exposure value of each route node point was used as a basis

of comparison. Since the routes are not of equal length, the exposure

of the node links were used to establish the exposure value of a route.

The calculation of route exposure is given below:

n-1 di+1

EVR = EV(Ni+ 1 )
i=l

• I.
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n-i

where D = di+1i =1

D = The total length of the route,

EV(Ni+1 ) = The exposure value of route node +1,

d i = The distance from node i to node i+1,

EVR = The exposure value of the route.

Utilizing this relation the model routes can be compared with

the manually chosen routes. The scenario for the manual selection

and the model is Case 1. In Table 7.1 the route exposure values are

given for the three manual routes and the model route. The preferred

route C and the model route achieved an exposure value of 0.844 and 0.888

respectively.

The other routes that were developed by the model indicate that the

deployment of the sensors within the terrain have a definite effect on

the selection process. Rough terrain with sensors deployed to cover

the low elevation corridors is the most difficult case for the model

to evaluate and select a minimum exposure, minimum elevation route for

penetrating the air defenses.

Table 7.1 Route Exposure Values

Route EVR

A 1.582

B 1.325

C 0. 844

Model 0.888

I.



CHAPTER VIII

CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

This research has addressed an area of air defense modeling which

is normally analyzed visually with topographic maps and coverage dia-

grams before any tactical gaining is performed. A significant problem

in analyzing terrain from a topographic map is perceiving the 3-

dimensional aspects of terrain features. The degree of visibility a

manually developed route will have can only, at best, be estimated.

Any route selected is based on the particular individual's ability to

be a good tactician. Using the subjective route for air defense

modeling adds an unknown to the war gaming results.

The model that has been presented overcomes the shortcomings cited

above and provides a minimum-exposure, minimum-elevation route. The

developed route then serves as a baseline from which other flight paths

can be evaluated. The model provides the visibility or exposure of all

the high and low elevation nodes within the area. These values can be

used as a reference for evaluating the visibility of specific areas of

the terrain in addition to route identification.

Terrain roughness has a marked effect in the developed route.

By placing the radar sensors at key positions to cover approach cor-

ridors, the model develops long routes in searching for a minimum

exposure route. The long routes indicate the problem of traversing an

area undetected by modern air defenses. The addition of more sensors
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increases the penalty associated with travel through an area and also

increases the route length. In the 35 by 35 km case the penalty value

increased from 12783 for the three radar case to 95154 for the ten

radar case. The route nodes also varied from 181 to 466 in the ini-

tial routes.

8.2 Recommendations for Further Research

In testing this model it became very obvious that minor changes

in weighting of a single node point would result in an entirely dif-

ferent route. Further research is needed into the sensitivity of the

weighting scheme utilized in this model.

The decision logic that is used in this model is by no means the

only one that should be used. There needs to be the ability to enter

check points through which the route must pass on its way to the desti-

nation. Along this same line of reasoning, the model could be modified

to evaluate a proposed route rather than find the route.

The idea of limiting the next node selection to a neighborhood

about the current position could be expanded to other problems besides

air defense aircraft routes. The routing of oil and gas pipelines could

be analyzed using the model. The radar sites could be a town or built

up areas to be avoided. The weighting of the height penalty could be

increased to favor level terrain.

Lastly, the author hopes that this research might serve as a start

for further effort into the general problem of routing.

..-. ~. ,-.i~'4
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APPENDIX A

ROUTING PROBLEMS

Within this appendix are the data tables for the additional

problem cases discussed in Chapter 6. Each set of tables is preceded

by a page identifying the case. The tables for exposure values in

these cases were not included for the sake of brevity.



101

Case 2 -Area 1, Route 2, Sensor set 1.
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Table A.1. Case 2 - Node Linkage for Route

FROM CASTING NCR1M1WG TO PENALTY CASTING NORTI-ING

31 77C I010 30 26 1610 10010

30 1610 10010 28 74 560 9900

28 560 9p00 35 2 1470 10500

35 1470 10500 34 184 770 10430

34 770 104!0 45 1 70 11480
45 T0 11480 -3F 164 700 11200

-38 700 112C0 -42 260 560 12040

-42 560 12040 -52 231 560 13090

-52 560 13090 -'4 97 1190 12180
-44 119C 12160 46 Ise 1750 11480
46 1750 114*0 -33 214 2660 1052C

-33 2660 1Cr20 32 354 2590 10290

32 259C 10290 -22 452 3290 9240

-22 3250 9240 29 145 2730 9940

29 2730 9940 24 232 3710 5660

24 3710 9660 25 24! 4760 5660

25 4760 9660 !3 228 3650 10430

33 3150 104!0 36 295 4760 10570

36 4760 10570 37 240 5sei 10640

37 5810 10640 38 198 6510 1070
38 6510 1070 43 296 6560 11410

43 6580 11410 S2 276 68eS 12!20

52 6580 12320 61 26! 7560 13230

61 7560 13230 -46 252 6540 12250

-46 A540 12250 54 87 9380 12320

54 936C 12320 53 56 10080 12320

S3 10080 12320 63 71 10500 1337C

63 lC50 1!!70 73 27 10500 1!50

73 10500 1*350 82 !7 iCaso 15330

62 10430 15330 92 96 IG290 16240

92 10290 16240 96 295 9450 16*50

...........
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Table A.2. Case 2 - Node Linkage
400, NO0. 31 TOTAL L!6KS4

1.1.2 COODIN TC 11. *5 260
LINKED TO 3* 2e 35 30 *21 -23 -'
COPOSC RE 10 53 !4 2 & ~ 3 1s

I GSUE1( 1:1 1 66 70 2 2 22 11

.00 D 40. 30 7OTAL LI%KS 4
X*V.Z NOODINATE 23. * 3s 29C
L!NKCTO 35 !* 32 28 -2! -2* 2 -21 -!3
E PC St6 10 1 1 36 ' 6 28 3*! 1 SO30

" E 16 N(0 101 10 238 7 711* 21 37, 1

'00E N0. 28e TOTAL 1L68 4
X,7, O OCINATE S. 60. 280
1168CC TO 3: 15 -21 -23

N401GH"1 17 2 51 29s

NO0CE NO. 35 TOTAL LINKS 6

8.7.Z COCftOINATE 21. 50, i'0
106,1(0 TO 3* 6 -3 -38 -23 -24
E:POSU:E '91 258 37: 2 c 3 2 7* 213

UCOMC !* 8 7*2 *08 !5 21*

6400E %C. ,3- TCTAL. L!.83
X,7.2 CCCOPOIhACE 11.' *9,. 280

L N ,1E TO *. --0 -3

r APO StR E 3 2!4 182
4EIGHTE0 1 21! 181

#40C c 0. * AL 11kR680

0,7.2 COOC754ATE 1. 6* 2
L068CC IC 25 -3E -'2
CAPOSOIPO 22 f3 211
#.IGmTCC 568 f4 02'

601 0. % C-38TOTAL LIKSS4 !.
Y*.z C ccr rc 10,9~

LI N KC IC 4- - 2 -"4
EXPCSUAC 151 2!9 165!
VE(068.EC 304 260 332

DE00 #C!. -*2 TtITAL L !"S1.7.2 C 0 , 6TE S. 72. '3
*L106KEC TC 55 -44 -52

CIPOS:AE -,7q 1;6 2!C
#4(1667(0 280 25* 231

NODE1 6C. -52 TOTAL L068S 0
2.. CCOROIWET 8. 67. 350

11681!- TO 55 704. .5
EXPCS pC 27 313? 339 06 2*
v! Gt.TC0 162 i1* 'F0 9' 49*

0600E A0. -44 TOTAL LI6kS 5
109,2 CCOPCI6A7C 17. 9 330
114C TO 55 '6 56 -43 -S4
EXPOSURE 33q 1t7 2^,E 251 ;2
WEIGHTED1 62c 0 1 a8 61 0 486

"CO D 0. *C,,6 TOTAL 11680 5,

P..?COCC6' 5 4
EXPC SLC 2tE 50 26 6 360 211
bE I 6m110 002 S3* 61* 722 21*

%001 NC. -!3 TOTAL LIhKS '

8.7.? CCCAOINATC 38, !6, 300
UINKEE 10 !2 51 29 -3S -3* -'0
EXPO3;uRC 176 395 17? G.* 3o1 335
#4(168.710 354 792 !56 W~ 764 3360
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Table A.2. (cont'd.)

LI -ED 10 29 ;:4 ;3 3 22.
[xPOSU~rE 2 2 92 1 32 32 ?2
WE 1611(0 456 S84 66 6 66 *5 2

"ODE 01C. -22AICTAh. LINOS

.. *2 " '" "27 *7' 32. 290
LIP4C 11RE 0 18 2- 20 29 -2* .1*
XIcsumc M1 Zia lie * 20! 2*7

WEIGHTED 63? .' 91 1*! ''2 *96

40ocr 40. ,,29,IC'.L,. LINS
0.Ve2 COO*Il'( 3E9, *12. 28.0
LIMCCC 10 2' 'e 1S -24 -34
EXPOSURE ;31 2;2 2S! 324 310
WEIGHTED 2!2 a.06 t08 660 M11

MODE VC. 2* 7CYAL U1%XS 6
k,3,2 CC3R0INhC !331 !Fs 20
LI%4EC 13 3 ! :C 25 12 36E -3.
EXPOSURE !z 2t! )2 307 i's t1*i
WEIGt,7(r *. !!2 ift3 616 21:C 12!'

NODE 110. 2! TOT:L LIkKS p
Xq3,Z CCCQCIm6ATE if. !2. 2V0
LIfiKEC 10 36 10 13 27 11 3 ! 7 .2*
EOPOSVAE !C9 2*9 256 270 i*9 227 275 369
WEIGHTED 312C 5.0 $18 271 to0 226 276 7*0

MODE loc. 33 TC?-L LIXS 4
X,7,2 COOPCIPIATE !t. *9. 2F3
LITEKEC TO !1 44 -36 -35
EXPOSURE 254 278 *16 303
ur 16MTED 295 2790 4*19 30*0

NOCE 0n. U* TOTAL LIkKS 6
0,3.2 C006C1614AT *8, !1, 2e0
LIKC TO 64 !7 *7 27 -3! -37
!1POSuRC ' 2.. 33' 1'8 414 !!*.
d4C19'TEO 3M8 2*0 3340 35* *130 332

MODE inc. !7 TOTAL LI44S 7
X,Tvz COOaCINATE 83, 32, 280
LINjKEC TO 38 42 27 *3 26 -37 -3
EXPOSURE it7 263 2001 30* 1*6 *00 323
WEIGHTED 198 36* *18 303 3!4 %CIO 3210

%COE 4C. 36 TOTAL LIKS 5
N,3.2 CCCPCI4ATFE S3, 5'. 280

LIKE *^ 3 *2 -37 -29 -28
EXPOSURE 297 :!a 232 245 2!8
VEIGiNTED ;98 2!10 2S93 *92 t18

mCE %0. 43 TOTAL LIM(S
X.3,2 COCCINAJTC 96, *3, 292
LIhXEV il 02 !2 -3' -39 -*7
EXPOSURE 311 277 262 290 28*
WEIGHTED 3120 2*t 528 2910 287

m1CCc mc. !2 TOTAL LINKS 9
X*, CCCACI2.ATE 94, 76, 300
LIPnXEC Tt 60 A 2 *2 61 9 -*7 -to -34
EXPOSURE 291 277 231 26* !54 335 3*2 a6o
wFIGHTEO 138* 278 *** 2*5 710 33* 36! 249C

McccE 40. *1l TOTAL LINkS 9
X,3,2 COCRCIplhTE 1tee 8l, 53
01#19CO TC 6 72 -!1 -5C -60 -62 -*7 -*5 -46
E*POSURE 339 227 3*6 3*1 M1 !13 2ft 2$7 125
WEIGHTED 3*0 6!* *9' *8* 316 31* 572 $7* 252
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Table A.2.(cont'd.)
NOCE N~C. -46 TOTAL LINKS Is
X;VgZ CCCROCk&TC 112. T3, 4330

E PCCSURC 148 e 234 331. '24 237
VEIGI.TED 294 f? 470 66? 129 238

NODE 06O. 54 TOTAL LIKKS 6
XsTqZ COO4CINLff 134s 76, 510
LINKEC TO 5! 4S 50 48 .5 -57
EXPOSURE st l03 9c 110 ?it 224j EI6NTEO 56 208 182 222 235 225

%COE MC. 53 TOTAL LAIKS 5
X,V,2 COONOKIWC 144, ?it 00
L.KC! 10 so E3 .4f 5 5

E£!'CSURE ?2 '0 jIC 2:k ;I!
wEIGT E C Z50 71 222 2.7 If

NOCE NO. 6! TOTAL UNhKS 5
X,5,2 eCC:PCINAT ! o~1 ST 360
LINKED T3 73 -57 -61 -55 -58
EXPOSURE 26 2s9 28! 176 Z35
W IGO-TEC 2' 600 284 3!4 47?

NiOCE 160. 73 TOTAL LIhKS

X*T.Z C03CINATE 1'C* It5. 34
LINKED T: 92 -77 -64 -67 -567 ? 5

~EXPL 9 u, 6 225 378 26 18 0 "1 e

XODE NO. 92ATOTAL LINKS
8,.2 C !;,)I %E 1 1* 119. 340
LINKED TC 92 IC! -6' -92i -6

EXPCS60E a04 Al 2,.i 148 IS!
6EIGNTEC 245 iz6co 750 I'7C 4s6cO
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Case 3 - Area 1, Route 1, Sensor Set 2.
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POOR 
97 k.

26 '

! 7 %Ott te'.*

PS 4100 9603 los I. 0-b s

I3 I03 We4 Igo' 'S' I I

-33 4766 11110 ICI3.0 .53

47 392( *.ilt 04 All *e6" 161
44 469t 11619 4b0O 4% 6%1 14

43 459C 1141C -41 9% Tags 12230
-%? ?28c 122tc %a 6! bso 12326f

!2 Gtac 12310 to ISO eel 12F10

to Sel9110 -01 1?& 46 Its?$

-37 %740 11130 so a 6519 10660

36 6310 We *08 2 162 984 141

62 !Jk9t 11410 49 6! ?916 12

79 910 11420 51'3 616 11620

4 91 11&20 so 5; 16614 11700

so '0011 11710 So 11 9306 12320
54 9360 12320 -*4 70 Gt40 12250

-46 8540 12250 -33 172 9450 11100

-55 945.0 13500 53 o# Iee 320

53 10080 12320 63 6; 1050 13370

63 10500 1370 73 27 10540 14350

7) 10500 14350 92 35 1c 14 30 1531!30

82 10430 1!3!C 93 65 10290 !6240

93 1029C 12'C 103 64 10220 11226

to! 1022e 17z20 -C,? 1', 5800 17010o

-92 9800 17010 -IS1E 500 178

-93 8050 17C00 -85 254 7280 16590

-8S 72eC 1W90 92 157 6570 16050

92 6370 160!0 84 282 6090 15180
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Table A.4. Case 3 -Node Linkage
NODE O 1 TOTAL &t'.KS 4

L0Th4CO 10To - 1
LOOSRE 85 223 173 67

WEGhTE :56 224 174 68

NOCE ftC. -11 TOTAL LIkKS 6,
..2 cOOOINATE 12. . 33

LIN4ED TO 14 4 19 -15 .6 -6
E:PcSUME 95 2 '0 17' T70 171
W IG,.TE 96 106 :1 173 342 344

NCOE NO. 19 TOTAL L:%KS 7

LINKED IC 11 30 -23 -15 .11 -2' 2
E P CSUPE 154 53 180 221 17; 123 103
uEI6047EC 310 54 181 4"4 -4 124 20P

NODE NO 30 TOTAL.L!NKS, 7
0;04030OOIPAE -S. 42. 2:

LIN"KEC TO 3? 2 82 120 -2'- -22 T-3 3 -3.
EXPCSUPE 15% 91 23 189 146 19 179
W E IG1TEO 155 92 2 48 3ec 294 191 1s0

hoDt ho. 29 TOTAL L!%KS 6
X.1.2 CCORCINATE 53. 3i. 260
LIN-to TO 3 21 25 2c 36 -22
EXPCSURE 2 126 103 176 70 243

WE 16"? E 141 2-,4 106 354 71 a8

NODE NC. 36 TOTAL LIKS a
X.1.2 CCOCINATE 66, e 1. 20E
L144EC TC '4 25 3!! 37 47 27 -!S -37
EAPESURE ',!2 ?2C 120 11! 1'! f5 265 201
W E I G?tC i33 242 242 lit 3' 1!2 268 202

MOCE NC. 3? TOTAL LINKS e
N.1.Z cccP.CINATC 8.3. 32. 280
L!NKEC TO 3o 42 27 43 26 25 -37 -35

7ActE .6 242 114 27 2. 6; 26S 194
WEIG'7E0 77 486 213 128 i0 126 270 19s

k2Ct NO. 26 TOTAL LINKS
M.1.2 CC2cqIA'E '9!. 3e. 280
LINKED TO 27 :7 1@ -20 -20 -29 -18
EXPOSURE 143 128 57 181 21D 115 122
wEIGmTED 144 256 11i 364 211 116 246

MCDE No. 10 TOTAL LINKS 9
X.1.2 CCC80NATE 75. 26. 260
LINKED IC is 27 17 e 23 7 -20 -12 -16
E6PCSURE .54 136 161c 1!, 9c 94 197 192 116
WEIG"TEC 310 1!7 161l SG? 91 190 18b 386 k34

NODE NO. 25 TOTAL LINKS 5
0.1.2 CCOOR1IATE 66. !S. 2e0
LINK(ED,TO 21 15 27 33 -12
EXPOSURE ISO 148 1%-! 126 474
bEOGPTED M10 29@ 150 121 950

NODE NO. 33 TOTAL LINKS 3
0.1.2 CCOPCIAYE 5!. '9. 28c
LINKED TO 44 -36 -3!
EXPOSURE 75 255 106
WEl6'-TEC 152 256 107

NODE NO. -35 TOTAL LINKS 5
0.1,2 COOPOONATE 6f. 39. 290
LINKED TO 44 47 -41 -37 -9
EXPOSURE 175 1eo 21! lie 176
WE 1Sp'EC 176 107 216 ILI 354
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Table A.4. (cont'd.)
NCCE NO. 47 TOTAL LINKS 

A

8,;0.2 COOI%.Tf S6.4 65. 290
h E0A TO 4' -~ -36 -2

f bPO SCft 110 260 209 170
wrIGtTEO I111 2E1 42C 342

4100 %0. 44 TCYSL LI',KS 21

LI6AKEC TO 42 5p 59 60 43 38 51 27 52 57

L16400 TO 32 62 65 -41 -37 -40 -39 -36 -4 9 -33
LINKE1 TO -56
EXP0SLRE .83 207 2 37 197 fie 3' 19! is 90 202

E::0C1;:! 6i? If8 216 243 18! 202 21S 190 220 149
E ,OSL E 133

E01091cc 184 2ce 23S1 396 69 70 3S2 16 12* 203

161-TEC 1!6 33e 217 244 186 2C 3 21 38 42 0

RC1E NO. 43 TOTAL LINKS 6

"Y',Z CCORCIkfTE 9'. 63, 290
116901. TC 5F 42 52 -37 -39 -47
E)POSuRE !00 186 75 143 163 s8

wEIG"TEO 202 187 E00 288 16' 99

NCDE 160. -47 TOTAL LINKS 8
w,Y.7 CCCQD1k4T' 114. 75. !30

L16911 T2 52 49 61 62 -50 -'53 -.1 -49

EXPCStAC 12 '2 17a 90 268 149 22G 139

WE160.-0c 6! 86 356 991 2690 300 221 1423

NCCE NO. t2 TOTAL 11691S 7
X~Y9 Z COOPC16ATE 9'. 76, 300

L168(1 TO S1 6? 42 S 1 -4s -50 -!S
EXOSLJA8 196 162 101 169 232 2-3 1 5 3

wE06TED ~57 1630 20 1 41 233.1 C 244 308

%OLE ftC. 60 1CTAL LINKS 6
X002, C03R91%0 '. !E. e3, 340
L16KET IC &2 1! a 6S8 -49 -315 -41

0Up1SL60 172 122 151 20' 141 E 4

w E 1 @-TO 0 I30 246 30' 2650 284 170

4100E %C. -41 TCT'L LI%KS 4

3.T.z Cc38:IATE 6E. 71. 30;
104.11r T2 !A 5 3 P -37
E xp : SC 1 7 29 2!' 4

wE0&-1(C 174 2240 235 180

NOCE %C. -7ICTAL L!%XS
X ,O. Co.'I' 82. 54. z9a

L16-!C TO '2 38 -39
EIP0S,-C Z09 a 194
vEIG-.lC 2!0 2 390

%CC0 %C. !P TCTAL LI'9S 3
8,1.Z CCC-Z16ATC S!. 54, 200

1:463: TC '2 -2S -28
CXPCSLAC :81 ce 167
dc 16-

1
0 182 1i8 336

N0CE %0. 42 131'L LINKS 13
3,.2 ccOz:168?1 @4. 63, 290

116401 to 2' !e 62 39 41 61t 2' -!V -49 -29

Nikuoc L 11 1i8 169 65 64 185 32 218 2CE 104

EPCSURE ;27 189 123

dE0PTC 122 !10 340 1!2 65s 372 f6 '38 2090 210

WEISPTC0 2203 US0 124

ICCC 160. *9 TVAL L6kKS 6
3,0,2 COI'116''0 113. 66, 300
180.901 TO !q as 41 -45 -46 -50
EXPOSURE is 15 31 197 120 1i8
bEIGIVIED 172 !2 64 198 121 1898

NODE 140. At T:T&L L7
4

3 8
0,1@1 CC:OIATO 128. 66. 30

L 24401 TI 41 to 51 -46 -32 -48 At9 -31
EPCSLQE 124 81 24 137 126 !7 99 73

v01&PIED :so #2 so 276 24 58 203 148
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Table A.4. (cont'd)
'.700 '.2 WCRCTOTAL. LI.KS, 6

"., IOf0NT 1 3. 6* 0
1LY;EC01 O5 -C 530 -1*0 -31 -

EXPCSURE t00 90 9: 132 1 35 9
'.011*100 101 102 Q9 133 272 114

110 NO . 54 TOTIL. LIN.KS 5

I.9, , 2 IA T E 1 34. '. 310
LINKE: '0 5! P. -46 -55 -57

E1(POSU. 95 1 ! ;0 6S 169 166
4F 16"TEC 112 222 70 170 16S
%COE NO. -46 TOTAL L1IKS
XY,ZtCCORCINA&TE 122.4 75, 530

L N r0 TO 61_ ~ .55
C~CL! 91 12' 219 171

ii6IGITEZ 120 2'0 2200 172

%CO0E he. -55 TOTAL LINKS a
X.T,2 CCO*CINATE 135, ;9 372
LINKE3 TO 69 63 5-1 73 -57 -58 -61 --Is
E;PCSU;! 103 102 32 59 250 272 16f 4
W IGHTE . 1040 206 66 120 !10 27S 3!8 1;0

16CE P4C. !3 TOTAL LINKS 3
X9YZ CCORCINATC 144, 760 3CC
L116K[C TO 63 -40 -57
EXPGS-.NE 61t 130 186
WEI09IT!C 62 101 Is?

P4COC %C. 63! TOTAL LINK6S 41
X*1,2 CCOP.GINATE 150. '1, !60A
L16KCO 1 73 -57 -61 -50
EXPOSURE 26 242 157 17G
i.EIG4TED 27 243! 316 342

NOCE0 %0. 73 TOTAL LINKS 6
X,1,2 COORZ16ATE IS0, 10!, !60
LIhWEC TO 0? 6f -61 -(. -!e -57
ENFCSLOC 35 348 101 262 171 151
U016NTE0 36 fire 182 2630 '172 152

NOCE P.O. 02 TOTAL LINKS
X*,, CCO9INATE 14S, 115. 340
LINKE' TO 9! -77 -69 -76 -67
EXPOSZRE 64 211 31' IN- 24 2
V0IGHTEO 65 .212 315 166 Z43

MODE Ole. 93 TCTAL LINKS 4
X.'.Z COOR:I%ATE 147, 132, !3C

LI%4EZ TO 13. -77 -92 .7i
EXPCSLAE 31 Zee Ise 10!
hEI01I.TEO 6. 562 161 184.0

NO0CE NO. 233 V07AL LINKS 6
1,1.2 COOP-INATE 146. 146, !2C
LIKEC TO 90 F3 -92 .67 -77 .76
EXPOSURE 115 55 176 246 224 215
P4011141C 116C 15(c 177 494 22! 2160

NCCE %C. -92 TCTAL LINKS 7
9,192 COORCIATE 140, 143. 330
LINKED TO 90 6! FA -07 -77 -76 -43
fxPOSuRE 143 100 16' 295 250 ;30 171
P40111410 1440 1010 .650 592 ;52 23S0 1SO

NOSE he. -93 TOTAL LINKS 4
9T,Z COCRCINAO 115, 1'', 330

L1N04E TO 9c .05 -L.7 -a1
EXPOSLAC 125 2!3 324 16i
2,0101450 1260 254 65C 326

ROLE P40. -05 '141.L LINKS 3
XYZ C00900140TE 104, 1U7, 332
LIOIKEC TO P8 q2 061
cl#CSL;[ V96 2!6 350
WOIINICO 2970 157 3590

ME Net 92 OCTAL LINS 9
1,19Z CCC*C;%A'C 91, 129, 300
LIKEC TC 911 06 99 s0 -01 -?a -S0 -7S
EIPCSUjAC ;!! 201 9' 200 315 215 191 2314
wEIO,.TEO 762 2P2 48500 6;700 150000 25b00 59701 24000
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Table A.5. Case 4 - Node Linkage for Route

FROM EASTIKG CRTI-ING TO PEhALTY EASTING NORTI-ING

31 770 10150 35 164 1470 IC500
35 1470 105C0 -24 16! 2450 S590

-24 2450 $50 -22 177 3290 5240
-22 3290 240 32 14! 2590 1C2S0
32 2590 10290 30 220 110 10010

30 1610 10010 20 23C 560 Seto
28 560 98G0 34 185 770 10430
34 770 10430 45 34 70 11480
45 70 114eC 55 20t 560 12!90
!5 560 12!S0 -!3 153 2660 10520

-33 2660 10920 51 337 2660 11760
51 2660 1176C0 57 198 2940 12670
57 2940 12670 67 192 3650 13650
67 3850 13650 76 334 3920 14420
76 3S20 14420 -73 !C2 4!50 1!120

-73 455C 15120 -78 261 5!90 15890
-78 5390 15OQo -90 2P1 5390 16660
-90 5390 16660 A9 320 6370 16030

69 6370 16030 99 270 5810 17C10
99 5810 17010 S1 6C4 6020 16030
S1 6020 160!0 54 !66 5250 16450
94 5250 16450 I4 125 4760 17290

104 4760 17290 I02 2 3710 17220

102 3710 17220 100 2 2660 17080
10 2660 17080 93 14 1610 164!0
53 I10 16450 E4 2 1120 1!&00
64 1120 15400 @! 101 1120 15!.0
85 1120 15540 97 32 S80 16590
97 98C 16590 86 2C2 770 15@9c
86 770 15690 96 1 1750 16870

98 1750 16870 81 46 490 15190
81 &90 15150 95 29 2240 1645C
95 2240 164!0 -e6 177 3080 1*650

-86 3080 16590 -6 296 3430 16!90
-08 3430 16590 -c9 167 4480 16660

-89 448C 46660 87 340 3990 15960
87 3990 15960 -65 290 4270 14310

-65 4270 14!!0 -56 408 3290 13!00
• 56 3290 1330 -63 274 3290 14280
-63 3290 14280" -74 274 3430 15120
-74 3430 15120 -82 309 3360 16030
-82 3360 160!0 -59 462 1540 13930
-59 1540 13930 -71 284 1750 14910
-'1 1750 14910 -!3 240 2310 13160
-53 2!10 13160 -43 302 2240 12180

-4.3 224C 121E0 46 37' 1750 11480
46 1750 11490 56 200 2100 12390
56 2100 12S0 6'4 234 2100 13370
64 2100 13370 75 219 3150 14420
75 3150 14420 -72 490 2450 1!C50

-72 2450 15050 65 2.# 3080 13510
65 3080 13510 -64 494 2240 16260

-64 2240 14280 -03 274 2870 16100
-03 2870 16100 101 98 6720 17150
101 6720 171!0 -93 307 8050 17080
-93 8050 17090 -e7 325 6890 18590
-87 6690 16590 96 340 9450 16450



113

Table A.6. Case 4 - Node Linkage

"a DE NC. SCITOTAL LIKS4.7.. oZ CCPIN TE It, '5 6LINKE' TO 3 4 2e 31 3 c -21 -23 -16

EXPCSURE 201 1-8 61 119 159 180 205
WEIO41TC0 202 318 06' 240 280 181 204

%ODE NC. 35 TOTAL LINKS 8
1,Y,Z CCOftO0NITE 21, to. 280
LINKED To 30 !4 46 28 -3' -38 -23 -24
EXPCsUME 193 170 237 9e Z82 238 207 164
MEI~eTEC !88 358 230 199 is! 478 416 165

"ICDE lAO. -t24 TOTAL INKSa

.7,2 CCORIN.TE 3. 3, 9
LONSEO TO 29 !2 11. 3f is -22 -21
E)POSuPE ;43 155 176 133 201 176 20;
600IGHTEC -86 196 35f Zoe '0' 177 406

4M0C -C. -22 TOTAL LINKS 6
X,9.2 COORDINATE 47. !2, 293
LINKEC TO 1f 24 20 2r !2 -14
ENPCSUAE .53 i11 170 190 044 235
wEMP-TED 50S 424 172 091 145 *72

NODE he. 32 TOTAL LINKS
X,7.2 COONCOM*IC 37. 47, 2ea
LtNKEC VC 2S !a -35 -34 -36

EbOSRE .3 109 304 249 266
V 1GfqTtc -88 220 315 So0 534

MODE PIC. 30 TOTI LINKS 6
N,7.2 tCORINATE ;3. 43. i~z
LINKED To 34 26 -23 -3' -21 -33
ExPCSUIE .51, 11il 301 2 75 167 248
kEIGOqTED 316 270 fi0t 276 336 458

NOCE 160. 28 TOTAL LI%15 3
X,7.2 CO0ORDINATE 8. '6, 280
LI~m4E TC 34 -21 -2!
EwPOSURQE !@4 2!6 203
WE16.4TEO 185 474 204

NODE NO. 34 TOTAL LINKS 3
0,9,2 CCO4CIO.A!E 11. 499 203
LImKEC To 4. -38 -2!
EXPCSLPE !3 291 119

UEIGI6TEO 34 258 120

NODE &C. 6! TOTAL LINKS 7
X,7.2 COORDINATE It 64, Sac
LIRKEE TO 55 -!f -'2
EXPOSLAE 2041 2^6 2!
SCIGHTEC 205 2c7 251

NOCE N6C. 55 TOTAL L I'4S 16
X.7.2 COORDINATE 0~77, !4C
LINKCC TO 70 '6 !E 64 51 -42 -'4 -52 -. 4 -18
LINNEC To .43 -t9 -5! -34 -64 -33
EXPCS6RE 254 002 213 24! I'4 265s 266 290 291 18'
EXPCSURE 205 263 242 163 247 132
WE 160TED 255 183 426 241 !54b 532 555 291 292 376
wEIGmTEO 420 264 486 16' 248 053

%CCE NO. -!3 TOTAL LINKS 6
x.YZ COOROIN4ATC IS. tf. 30C
LINC TO 51 29 46 -36 -!4 -40
EXPOSUqE !36 201 274 366 !23 277
MEIGHTED !37 4C4 55C 367 648 556

NODE 14C. !I TOTAL LINKS 7
Xv7,Z CCONDIP69TE 78. cog !00
LIftKEZ To 36 46 57 -43 -40 -36 -34
CYOCSUOC 28e 162 197 361 i1i 2C1 13'.
E 16PTCO 57S 326 19 66. 434 2G2 276
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Table A.6. (cont'd.)

NCO EC. 5? TOTAL LINKS 9
X*YZ COORDINATE *2, el 300
L1NRE1 TO 5 AS 56 64 6? -56 -53 -43 -0
EXPCSURE 279 2e4 253 284 191 310 3!E 261 237
WEIGTED 56t 25 308 570 192 311 616 524 23e

t.OO[ WC. 67 TOTAL LINKS q

XTZ CCOPCIATE 55. 95, 301
LINKED TO 76 65 59 68 7! 58 -56 -65 -63
EXPOSLRE 333 2E' 25b 257 !00 213 31C 33* 339
WEIGHTED !3 570 514 516 602 428 622 335 680

NOOE NC. 76 TOTAL LINKS 7
X.YoZ COOROINATE 569 106, 320
LINKED TO 75 68 65 -65 -63 -74 -73
EXPCSURE 296 22' 197 345 !14 310 301
WEIG TEC 9* 2250 396 692 63C 622 302

NODE NO. -7! TOTAL LIRKS 6
X.T.Z CCORLINATE A5v L16, 330
LINKEC TO 7? e? -65 -75 -80 -76

EXPOSURE 3C6 307 !61 362 369 260
WEIGNTED 3070 616 724 726 !70 261

NODE NC. -78 TOTAL LINKS 7
XY9Z COORDINATE 77. 1271 32C
LINKED TO 94 91 8 -75 -e0 -90 -e9
EXPOSLRE !14 290 192 363 35s 280 262
WEIGHTED 630 58? 386 728 720 281 526

10E NC. -50 TOTAL LINKS 4
XqYZ CCORCINATE 77, 136. 310

LINKEC TO 91 e9 -89 -ea
EXPCSURE 301 1!9 35! 343
WEIGHTEC 604 320 712 686

NODE ho." P9 TOTAL LIN$S 6
X,VZ COORDINATE !1 12'. !00
LINKED 70 51 99 qc -01 -85 -7!

(EPCSURE 301 1!4 219 363 288 293
WEIGHTEC 608 2'0 21C.) 364C 289 5e

NODE %O. 99 TOTAL LIKOS 2
X,1,2 C004ROITE !!q 143. 300
LINKED TC 91 -PS
EXPOSURE 301 454
WEIGHTED 604 49!C

NCO NC. 91 TOTAL LINKS 2

XTZ COOqOIAtE 86. 129, 300

LINKEC TO 14 -7!
EXPCSURE 282 298
WEIGHTEC !66 598

NCOE %C. 94 TOTAL LINKS
X.1,z CcOROINATE 75s 13!, 31G
LINKEO TO 10* -00 -AT

EXPOSURE 6! 79 33S
WEIGHTEC 126 '60 6e

NCE NC. 104 TOTAL LINKS 2
XsoZ COORCINATE 65. 147, 1
LINKEC T3 102 -P9
EXPOSURE 0 362
WEIGHTEO 2 726

NODE NC. 102 TOTAL LIAKS
X*,1Z CCO*OIATE !!, 146, !CC
LINKED TO 100 -ea - s -89
EXPOSURE a 3*5 195 268
WEIGHTED 2 692 39-2 530

-
7.
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Table A.6.(cont'd.)
NODE NC. 100 TOTAL LINKS 7
X..Z C;CO@D TE S, Itt 300

LINKED TO 9- se 9. -86 -88 -83 -8;
EXPCSuRE 101 03 2 20 28 286 253
WEIGHTED 204 108 14 462 !68 285 508

NOCE NO. 5C3 TOTAt. LIKKS35 P3
0.9,3 CO tINATE 23. 135 C
L116KED TO go S5 97 86 85 86 -?S -96

EX OSUA E go ', 20 17 0 297 13

W E IG T E C 101 lee 164 2 36 2 29e 268 
'

C 4. *6 4OTAL LINK(S

XY.Z CCOROINVE 16. 120, 300
LINKED TO a- 86 81 -71 -79 -68 -86
EXPCSURE 103 .8 .? 2!3 218 186i 177
WECloITED 101 116 106 466 217 3"4 356

NOCE NO. 95 TOTAL LIKKS 7

0. 93 CCCCINATE 16. 122, 100
LiINKED TO 86i 61 97 -79 -71 -68 -e4

ExPOScRE 1 0 66 10 236 :3! 1.8 11'

.010.G TEC ;2 I!- 3p 23, Sf6 !18 3!(6

NCE NC. 97 TCTIL L1'KS

LIN'E 1: 86 _;4 -79
EMPSURE 120 .227 186
WEIGHTED 202 4!6 3'6

NO0CE %O. 86 TOTAL LI&KS 6
19, CCCOCINATE 11. 127, 3CC
LINKED TO 81l 98 -8' -71
EYPOSURE 53 0 277 193
WEOGHiTEC 182 1 58 3@8

DOE NO. I9 TOTL LIKS 11
..3CCOACIN*T E 2 1'1. 303

IEC 10 91 -.7s -83 -86 -91 -as -6 -82 -'2 -71

LIftKEC TO -76
CIPCSURE 22 296i 2*0 17S 23C 267 224 268 262 225
EXPCSURNE 219

"' 1G1TEC 66 2e7 562 352 662 696 656 522 263 226
VEIGI#TEO 6634

1kccE -4.. 81 TOTAL L INKS 16

11y9,Z CCOPr.O4ATE 7. 117, !cc
L 168(3 TO 70 5 6o -GE -e6 -71 -79 -59 -91 -72
LINKE:. T3 -64 -54 -52 -53
CIPCSL'C ^!2 28 191 261 26, 2!9 2!f 242 213 241
ClPCSU6E ;62 213 195 182
WEIGOTEO 466 219 192 262 !26, 520 2!5 243 62e 686
NEIG.TCC 6e6 214 392 183

NOO2 DEO. 95 TOTAL LINKS 15t
1,92 C0'cINTE -2, 13. 1

LINKED TO 8' ' -'s 8e3 -86 -82 -p8 -96 -'2 -'1

LINKE& TO -7 91 -6 68 -6
EPSUK 2 35 217 27 29 76 ;61 251 133 263 238

* IEPCSURE 252 2CS 212 171 197
w!I1CTO 672 218 54: 5892 177 566 258 268 266 678

61, 11'TEO !06 612 626 36 398

060LE NC. -86 TOTAL LIkKS 6
V.9.2 CCONCONAVE 66. 137, 36#0
LINK(C TO 87 -08 -83 -82
EXPOSUPE 169 2S5 31! 316
bEISKICC 30 256S 632 630

%CC'0. - :1 TOTA LINK

:8.92GCCCRCIATE 69. 13..83 e62
EIK TO 87 -2 -8 -9

EXPOSURE 212 3151 382 166
wEtGmTEO 626 7C4 606 167

NCOC IC 8 TOTOL LINK11 2

LI%$([:T 87 -to
CXPCSLAE 169 283
WE IG0TEC 1160 568
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Table A.6. (cont'd.)
ACO(P 6C. 6O7A TAL.LIONS 14
X,7.2 CO*I N TE -7. 12!. 330
L 1*KEC TO 7S 7? 7f T1 -92 -00 -74 -03 -75 -65
L:,C-CMTO -72 -63 -79 4
E SCL E 270 2'' 247 23'4 5 338 3!0 319 .103 285
CXPCSURE 21 277 254 202
WEIGP-TCO 55' 2580 496 2350 70e 076 002 4,0 609 290
WC101'TED 504 5!0 S1G 520

NODE~ NO. -65S TOTAL LOOKS 5
X,7,2 COONCINATE &I, 12,* 32C
L16KEC TO to '' -0! -7. -t'6
EXPCSUME 31* !C4 318 313 20!
WEI6HTEO !150 010 038 628 408

NODE N~C. -50 TCT&L LINdKS 5
7092 COO60IOATE f#7, 90, 310

LINEC TO !97 -03 -5! -0'
EXPCSUAC 292 238 2'3 2S2 24f
JEIGoICEO 506 51t 274 506 4 ,

NODE %3. -03 TOTAL LI1iKS 5
XqTZ COORCINATE 47. 104, 330
L1NEC~ TO 7! k5 -7* -64 -7;
CVPCSLMC 5te 2135 273 25! 24
NLIOMICOD 038 '28 274 512 49a

NODE %C. -7& TOTAL LINFS 4
X,7,2 CCCOC~KATE 45. 110. 340
LfiNKCZ TO 7! -62 -72 -63
ExPCSu'( 201 i0e 201 239
WE l1oIE7O 540 H95 564 *80

%ODE %1. -!2 VOTAL LIARS I~
,72C004310*h70 440 129. !!c

L1!i4CD TO 75 77 -83 -sC -71 -79 -71 -04 -7! -!9
COPCSUMC ;75 2!1 362 30! !0t 279 265 217 03 230
d~I0?.11O Sid 2.1*8 66F 012 fi1l 560 53? 556 S46 462

NCC%.-!1 ?VIAL L2 9 14S, ,,

LI1IRC TO. 04 to -5. -64 -71 -0 -s! -Si
EzPCSuAC 2*0 202 32: 3*3 203 24* 1S! 13
NOIGHIC 44 510 0*2 34* ?04 490 3He 4.8

OmOOC MC. -71 TOTAL LI-44S is
109.Z CCOR:IATE 2!s I!!o 350
tl%,mEC 73 75 a* 70 65 55 -72 -64 -71 -08 -e3
LIONEC TO -54 -53 -Eo, -S2 -51
ENPOSL8RE 271 243 220 226 lei 309 330 273 241 263
ENPOSUAC 237 2!9 i16 162 1ei
WESKC 16-YD *6 2*4 *58f &so 380 020 014 274 *52 204
oCbf sTte *70 240 *3* 400 !64

%7CE 473. -53 TOM0 LZ'.3

l.7,0 CCCRCI%Alc 33,* , 33 10
LIPORCO T0 60 it 6; -413
ECoSujaC 343 174 192 lit
wIO6141C 'to !it 380 302

%CDC 06C. -03 TOTAL LINKS *
3,TtZ CCJ07O%8'( !2, 74. !10

*ILION[C 77 is 66 -4 -5*
EXPOSURE 267 180 217 222
vEIGOqTEC 530 374 430 4*0

"07cC kC. 6i TOTAL LOKtS
X,Vol C~cQIOAIE 25. 6&. 300

L03*50 10 50 -34 -4' -3*J
t*POSUNE 199 234 253 136
oCISHIEC 200 478 508 278

MCOE NC. 56 TOTAL LOOKS
mo5,Z CCO*ObNATC 30, 77, !10
LIONEC. TO 04 -44 -S4
EXPOSURE 233 223 220
WEIG04TED .34 44e *42

A a
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Table A.6. (cont'd.)
NOCE NC. 64 TOTAL LIK4S 4

X.V.ZCCOOACINATE5 30,9 ,35L~~i400 TO 65 75 3 A
ECXPO S UA E 60 210 5:Z 3' L
WEIGHTED t2? 2 19 64 54s

NCOE NC. 75 ?CTAL LINKS 3
109Z. t00901h)IE 45. 104, !It
LIN*KED TO 65 -.4 -72
EXPCSURE 273 310 244
WEIGOITEO Ste 6!P 49,

NODE K0. -72 TOTAL L!kKS
XvZ COOC015270 !5, 11t, 350
LOINED To fit 7: -6. -75 -73 -6 6*4 -52
EXPOSLAE Z26 225 34t 31! !24 243 268 205
h IGmTEO 29 460 652 624, 32! 49? 49e 41?

4C0E NC. 65 TOTAL LIK4S 2
X0,Z COORDINATE 44. 9'. !10
LISNED TO !I 4
EXPOSURE 289 246
6E IG1'TcC 560 45'

NOCE ftC. -64 TOTAL LI'.KS '1
X0.54 CCCOC1NATL ! 104. M3
LAN.((7 TO 10 !9 -134 69 -79 -e3 -52 -44 -s4
EAPCSLPE 250 244 2@f 257 274 273 227 198 177
WEZ10,T0O 5C2 45

0  574 516 275 274 456 394 356

NOVL '.0. -03 TOTAL LINKS 20
X*T,1 COORDIN*ATE 41o 13c, SSC
LINEE(C TO 77 to %C 7. ss E1 ' 101 79 72
LINC To fi0 E2 52 -74 -e0 -94 -7t -8% -68 -Si
L T,,*C To -134 -52 -t0 -44 -41 -*2 -41 -39
(EPESUOC 273 2F6 216 269 ;3! 271 241 9? 204 201
ECfPC',UM 184 183 161 206 301 1S? 29! 23? 226 227
(XPCs%.0C 232 2C4 206 18' 226 158 1M 167
WEIG14TED 2140 21,70 434 540 234 2720 490 96 2050 g22
WEIGHED Mo5 1041 1600 574, 404 316 500 476 '54 04
WCI6..TED '.66 410 207 370 454 318 1090 1650

%C
0

( NC. 101 TOTAL LINKS F
0.5,qz CCOPDIft0TE 56, 145. 3ee
L P;E' TO 48 40 e3 -03 -81 -. 03 -15 -90
EsPOSURE 376f 271 259 346 37f 306 222 206
jEiGo-TED 3070 ?20 2600 694 3'70 307 446 374#

OLE0 %C. -93 T3TAL LINKS
U*V,2 C-30901'ATE 115, 144v 330
LINNEC TO 90 -PS -07 -61
EYPOSURC 196 2-3 3?' 210
@E I -lL 033 *so 12 325 *22

NCLE NC. -V' TOTAL LINKS 6
Xs1.1 C:O*OIATE 127s 137s 340
LINKED TO 96 90 to .92 -76 -77
CPOSURE 39 252 182 11 230 289
WECIG*TtO 340 1260 91100 07200 69300 21000
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Case 5 -Area 2, Route 1, Sensor Set 1.

..........'Al.



119

Table A.7. Case 5 - Node Linkage for Route

FROM EASTING NORTPING TO PCALTY CASTING NORTHING

3 !F20 7280 9 1 4870 7630
9 4670 7630 13 1 4450 6470

13 4450 P470 7 50 5290 7630
7 !29C 7630 -2 4C 4240 7280

-2 4240 7260 11 202 4100 7980

! '10I 7C80 31 17 2560 5E70
31 zr60 9870 37 p 3470 10640
!7 347C 1C640 32 37 4240 10080
32 '240 10060 36 52 5290 10640
16 '290 10640 35 160 4730 1C430
!5 473C 104!0 46 54 5500 11270
'6 155c 11270 36 I0 6340 10710

38 634C 10710 33 36 5500 10150
73 55c 10150 -21 !6 !C10 9100

-21 5CIC ICO 12 !4 5430 8190
12 5430 6190 22 38 5570 9170

2 ?7C S170 26 9 !IC 615660
2e !610 5660 19 60 4100 9100
19 4100 91CO -23 72 3120 5240

-23 312C 9240 23 -6170 9240
23 4170 92d0 42 3' Z980 11060

42 298C 11060 34 6' Z280 10!60

1036 2^F c5 6 c Z-c 12320
t6 263C 12320 50 29 3260 11550
51 !26' 11550 57 11 3690 12390
=7 3890 12350 -62 2 2E40 13090

-22 264 13090 70 166 2210 14000

221t 1'000 E2 5 i60 14510
2f 14910 -76 2!& 2q10 1"420

-76 2510 14420 -71 492 2700 13720

-71 2700 13720 -52 62 4660 11830
"&2 466C 1.:e0 '5 '2 Si50 11270

'5 5150 11270 65 1c 7180 13230
65 718C 13230 71 2C 6C20 14140
'1 FC2C 14140 79 F4 8'90 14!60
9 790 14560 61 IC 9560 14770

*' -. 77 ' --

................ .. -
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Table A.8. Case 5 -Node Linkage

firCE Pic 3 TOTAL LINKS 5

X.147 COORDINiATE "s, 350

LINKED To Ii I a -2 -

ryPOrURE 75 140 0 1AO 206

W&ilGIITE 152 256 1 149 6le

NCCE Ko. 9 TOTAL LIN.KS 5

1.1.,' COORtDINATE 41, I, 290

LIkKA- TO 7 12 11 is .2

EwPCSUAC IA 7 65 0 137

NCO[ NO. 13 TOTAL LINKS 21

X.V,1 CLOPOINATt 0 219 290

LI#;KCr TO it 23 2 12 16 -26 ? 3 1

LlkNKC TO 12 -1 -23 -126 - -1

LINACC TO I 17'

ENPC5LUPC 10I 516 15 5

CIPOrE ISS 1TOA LI&S 1 27 0 217 3 . ~
X.f20410 36'DIA 35614 320 6 5 26 60 1 0

LIOTO 352 26 a2 126 is 28 235 12 251 213

ii! 16.1TO .50 2 2 26- 6 - C .1 2 2

LINN(C TO 3'1.27'72 
2

XPCSUPE 1C2 90 lob 9 2 It 60 N 9 t 16

loIGt )P01 02 270 2 2S %21 43 3 219 0

01o NO. I7 TOTAL LINKS

LINKE: TO 54 20 So 26 24 -23 -'

Ckpci 01 0 19 c6 22! 162t

: E IS P I E C 2 0 2 2 0 27 3 6 ! 2 $ 16 1 5

ODEC N0. 47 ITOTL LINSO

L:,7,1 CC4IT( 3. , 300

,IMO 16V 2 33 A2* 4 -6 2

CIPOSIJC 202 123 26 2s6 30 23 23@

6CC 9.C. 32 TOTAL (J6S a

19 Vol COCCC6ATE 
44. 61, 32

LI, C "t :7 2' 19 -3 -;6 -32 -41 -2

ECS6OA 110 132 I' 3 121 i22 205 200 f!A

fil-IG PTE 202 1370 103 e3C 542 39 21 3il 1312
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Table A.8. (cont'd.)
l cr !1sO. *8 TOTAL6LINKS53 A3z CoNINr h 62. 3 34

LINKEE TO 47 73 27 -39 -32 -N3 -37 -27
EYPS~k I' 1 24-9 232 21 3 200 32C 237

:.~.i - rl) 392 !e 494 4 6i -, 4. 402 321 410

-rit Nc. 33 TOTAL LINKS P

LIN-[fto2 22 -27 -32 -26 -35 -21 -143 -41

ExPCSuPE 49 5!7 203 297 106 27 1os 167
wF I0,TED IT PC '6f 292 -57A 774 56 Soo 3390

%?CC( .0. -21 TOTAL LINKS 6 *
xTZCOORCIO.ATE 43. U0, 330
L 1 -4 E TC 2? 23 19 12 -26 -27

N.f pf 15 p 19 1 C !!0 25
POT"C 95 8 C 34 A 6 502

\'1LE *C. 1O2AlOYAL4LI%AS7.40
y . Z CCO N24TE 49. 1. 30
LitKED To 22 -12 213 -20

IGTED;uL~iA 30 45 0 5 -?

-281 -31 -4

L'-wl '3 .41 .40 -36

CrsL( 314 290 301 276 206 253 261 27 5 269 191
10 -'E I9 1 74 2C3

10 1C..T E 1. 08 2 8 151 IC 90 20 154 INC 62 2
bhEI 3N T EC C33 5F, 614* 550 l! 0 26? 276 20

CC 9iC. 2s TOTAL LINOKS N
k.7.1 'O0q0724ATC 23. 58. 300

L IKI: To 23 -19 -23 -23

EPCStNE Icc 260 35 !Q

WLIGi-TEC 202 522 72 PC

*..CC NC. -23 TOTAL L %KS 5
I..: C0OPC.19*TE 16. 32, !10
L. : . E TO Ie, 23 -24 -1! -10
CwPrSLAE *1, p 27. 9& 147

b I1 0l -IlC 240 3 310 34 3 176

,.:E '.0. 23 TCTAL L19'S p?
v.Y:Zj 0C!4A70, 3t. 32. 300
L, % C. To 10 0 42 54 45 *1 -26 -13 -77 -40
LPO(: T0 -0I -;* -2C -1 -f 1 -32 -12 -13 -390 s
L2'.'f TC -42 *
EXPCSURE 47 1!7 3! 32 Ice 166 331 113 256 216
('pCS'TI 219 177 272 22e 13i 264 24e 2'3 179 169
EvvOStL'C Ito 1114
02 IGP.TtC 196 T^ 6 34 bb 2210 1670 662 228 29? 434
Af15-TED 440 ''0 2 3 490 264 !0 249 241 360 30

%:CC %C. 62 TOTAL L INKS 7
W.9.2 CCORD2NATE 14 . 5111 3t0

LPN'TO 5: t; 34 -62 4! .40 -at
CPf~jOC 2310 '! 51 153 1!2 left It
E1 2cTT1 202 '' 64 308 786 '7@ 1s@

V)CE '.C. 34 ICYOL LINKS 12
1.Y,Z 0CC 29'4( A. oft 300
LI'.' ' To !2? 10 50 56 !7 -4 45 -2' -1o -40
L I -- C: 10 -e -13

!. 75.( 0 9 150 !3 5fb 195 112 207 235 205
2v Lp 22 f2

we' 2f.r 2 60 110 6 l1e 109 1113 416 475 412
v- IG-EC Z46 1;6

Ob:r0 N.C. ,56 TOTAL L116KS 5
v;.1* C(008C1JA'( 19 760. 300
L %KC TO E .1 3 0 -62 -. 5 -. 1
(mP191,6( too 25 160 114 90
WOIGI-TOO 202 29 322 230 1941
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Table A.B. (cont'd.)
hCC AIL T0O10AL LIkKS 4

N.Y. z C OIOCI:A7E 1et 05 300
LINOC,,O TO 52 57 -40 -op
EY 0OSUKE 100 '8 51 19?
11IHTtC 102 110 300 193

NC0VE N!C ., 7 TOTAL LINKS 6

X.0. CCPINAA7 27, 77, 530
LI;NKL T 10 60 - 59 -4P -S2 -64 -62
E'pCSLRE 1 01 10 75 *0 20 0
w!I60-T(0 204 20 155? 9 1100 2

NI)CE 160. -*i2,101*LINlKS,, 33
xtvqZ COOCIrdATE 12. 87. o
L!NKE1 TO 70 -71 -.59
E.*"SEURE 0 219 165
h,TC 16 21:33

NM(I NC. ,70 101*1 LINKS140 3,3
1,0,Z CCOPI , IE 3. 10 3

LINKCZ 70 K? -71 -7f

wf l1,1(C a@ 56C 1760

%CCE P.C. 02 TOTAL LINKS 6
Z.. COOfCINtA1( 0, 113, 330
L ~ ' eOO o0 9 * 9 -76, -7 -7*

ExpCSURE 142 145 9C 2!' 192 219
WFIG"1(0 286 1460 SIG 23P 1930 2200

%COE NC. -76 TOTAL LINKS 0
X.9.2 CCOOINATE 13, 106, 340
LINaC2, TO .4 -70 -74 -71
EYPOSUPC 96 2*2 279 245
WEIGHTED s70 2*30 2000 *92

rCCE PC. -71 T0TAL LINKS 13
X.Y.2 CCOROINATE 10. 96,0 550

LINOE( TO 7S F* 52 7? 60 -74 -7P -59 -6* -t-7
LIN-EC TO -79 -4F. -52

ENOUE 199 200 4! 167 142 253 231 1*9 223 305
EV-10SUPE 152 75 61

?OCTC Coe 2010 op 1600 10.10 25*0 2320 150 446 3060
b6 ]Go-TFC 1530 76 62

0,COE -C. -52 TOTAL LI'KS S~
VfT.2 CCORcIftAT !83. 69, 35c
LI'.0t IC 45 60 59 -46 -*1 -*0

01- LE e 1!6 17' 147 180 1!S
WrIS"TEC f2 !10 1'7e0C 29f !7f 218

%CCE *.C. 45 TOTAL LIKS 2C
x.Y*Z CCGROINA7L *5. 61s 53
L I'.'CC TO *7 Es Aic 27 65 -41 -5! -43 -a -!9
I IN-E( TO .4 e -!2 -26 -27 -5* -37 -f0 -64 -61 -59
CPPCSI~P( 10t ;,! 121 211 4 211 125 191 10@ 10!
(,'csupt lie Z42 22* 233 511 250 321 22ei !11 65
b01G.-ICC 19 21*0 24t 212 10 *2*1 134C 1920 378 18*
Ws I G"T!O i25 2*3 *5 u 416e 3120 251 3220 452 3120 132

MC~c NO. 65 TOTAL L INKS q
Vey.? cC#IACINA1( 74 pit Z30
L;NKRC: TO 6* 7! 71 55 -6f -61 -56 -60 .5*
El(.Psipt S3 '7 19 57 117 3** 211 325 297
wF1G.-TED 5* be 20 38C 130 690 2120 652 290

NOC! %.0. 71 TOTAL LINKS
I.1.2 CCCPCINA1C 00. 1120 500
Lit-.E'. TO PC 73 75 64 -f5 -66
Ex1StPE to0 fl' 05 3? i1 96
bf lG.-T(C, 101 1!6 06 330 92 970

N00E %0. 7o TOTAL LINKS IC
w.9,2 CCONLI000TE 97. 100, 300
LINKCC TO U1 67 71, 00 PS 53 6f -02 -614 -01
CIPCSuRE 109 7* 1*0 91 345 276 0 300 9*, 2%3
wrtimi~co 190 22500 1*100 64400 103100 07700 300 903 *75CC 122000

Z-,, ,...I *.,.........-.
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Case 6 - Area 2, Route 2, Sensor Set 1.

Illp!
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Table A.9. Case 6 - Node Linkage for Route

FRCM EASYI N6 NCRTOING TO PENALTY LASTING NORTHIMG

35 2770 10500 28 1 3610 9660

28 3610 9660 Is 77 4100 9100

is 410e 9100 31 66 *240 10080

31 424C 10090 36 p 290 106*0

36 529G 10640 34 100 41!0 10*30

34 473t 10%30 46 54 5500 11270
4 6 5506 11270 36 105 6340 10710

38 634C 10710 32 36 9500 10150

32 5500 10150 -21 rx 5010 9100

-! 5010 910 11 !4 530 8190

11 5430 e190 12 10 4450 8*70

12 445C 8470 22 S6 4170 9240

22 *170 5240 42 51 2980 11060

42 2S8C 11060 33 6' 2280 10360

3 228C 10390 -4, 55 2070 11410

-45 207C 1141C 56 2 2630 12320

6 263C 12320 50 29 3260 11550

!C 326. 11550 37 '6 3470 10640

!7 !47C 1060 0 2 2560 9870

30 256 S870 15 2560 5030

15 25c 5030 9 '870 7630

9 .870 7630 10 2 4100 7980

10 4100 796C -23 E7 3120 9240

-23 312C 92'0 -2 62 4240 7280

-2 624 7280 7 1 t290 7630

521? 760 -13 36 3190 8*00
-13 31SO eqOO -24 216 728C S240

-24 22EC 9240 -1 11 !190 7280

-1 3190 7280 e 2S2 28*4 7630
8 284# 630 2 '. 2770 11760

52 2770 11760 57 ISE 3890 12!90

t7 !a0, 12390 -62 2 2840 11090

-62 28*0 13050 70 166 2210 1*CO0

70 2210 1*0c0 81 a8 2560 1*910

81 2560 14510 -76 238 2910 1%42C

-76 291C 14420 -71 442 2700 13720

-71 2700 13720 -52 4C 4660 1183

-52 &f601 1 83C *5 e2 .150 11270

45 5158 11270 65 10 7180 13230

65 7180 1323C 71 23 8020 Il14

71 eC20 14160 79 66 679t 14560

79 e790 14560 66 1 98*0 12510
'6 58*0 13510 61 '8 1:26C 12870

61 10260 12670 67 ; $280 13720

67 9280 13720 -58 2 9640 12880

-!8 9e*0 12880 69 91 1c890 13860

69 10890 13860 62 2 10660 12810

f2 1168C 12610 68 56 11590 13e60

68 11!9c 13890 76 1 10610 14420

76 1C61C 1420 84 246 10960 14980

.......... .......... '.. ... .. .
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Table A.10. Case 6 -Node Linkage
NOCE 50 3TTAL LINKS F1
8.04z COAIf, TE It. 9, 0
L, N E C TO 33 42 30 37 so 28 *82 -85
EXPCSU;F 100 86 71 69 8 0 1481 103

0 CT( 2? 174 1 56 180 10 1 288 208

NI'CE NC0. 286 TOTAL LIKXS 7

LP.VEC TO 22 19 31 1s 31 30 -23
EYPSuA 76 121 137 66 81 195

W LG17TEC IO 77 248 276 1 96 392

NICE kc. 19 TOTAL LI'.6S 7
V.0.2 CCORO1NATC 50. U4. 290
1.158( 0 TO 22 12 31 -2f, -21 -23 -1!
EipcsLpr 11', '5 3 260 69 848 89
WE[-TEO 38 P6 66 522 90 98 100

%CC( %0. 31 TOTAL LINAS R
X,.29 COOINATE 32. 1.8. 500
LIN((C TO 38 22 37 35 -26 -80 -81 -21
ENP:StUQE 100 62 85 6 308 208 207 58
wrIG-T(T 202 126 92 16 30S 810 416 59

%N E %0. 36 TOTAL LISOS 12
X.Y.Z COPCINATE 87. 52, 300
LINXCC TO !7 !4 85 86 3f 8-P -5? -39 -41 -43
1.1%9E; TO -27 -26

EvCuE 15' E9 160 11p. 181 166 272 201 205 180
E oPI u8E 250 251

.518TE ! 80 5e 22 238 1820 1670 27! 804 1112 1810
WE 1G-TED 02 848

NOCE %~C. !38 TOTAL LISPS 7
X*.9 COORC1INATC. 39 89. 300
LI*.KEC TO 32 85 86 -81 -26 -60 -27
txPflSLAE 111 123 26 268 308 223 23@
WrfiH7ITC 112 2 It 58 538 614 888 239

N03E $90. 86 TOTAL LISPS 9
X.Y.? CCC;CINATE 5. . .1. 520

1.18600 7: 8! 4' 34 -8! -53 -!9 -!2 -81 -!2
EXPCStNE Ile 156 !08 183 181 122 1k;9 1748 154
wE10m7(C 2C2 1!7c 15S 1880 1820 123 220 350 310

SCCt %c. 36 
T
S
T
!L ,!%KS 6

X,0,2 CCOQ'I%A7E 62. 53. 340
LIhKE2 72 * '2 2' -39 -32 -43 -!7 -27
Ex-ICSuRE i9s 1? 246 232 271 200 !52 23'
wEIOPYCO !92 36 898 866 588 'C2 321 876

MCC0 %C. 3? IOTAL LINSS
X.Y.Z CCOC,%A'E !C. 'a. 530
LINKEC 7^_ 21 -;' -32 -26 -!S -2. .83 -81
£78051.90 49 3!7 291 287 1SE 2? 189 1t6'
WC06hTED 200 676 292 576 378 t6 300 336

NOCE N0. -21 TOTAL L1'%45 6
X*V9Z COO'lI%ATE 85. 50. 330
LIK4EC T^ 2! 12 22 :1 -28i -27
EPPOSLRC 15e !3 80 18 E. 30 250
MEIGmTEC 159 f e 98 .4 662 !02

NOCE hC. 11 TO7TAL LINKS 7
X*v*z CCCR::SZTC 89, 17. 3c3
LINKEC TO 7 5 21 12 -12 -10 -2c
ExPCSlJRE 11 ! ! 76 27?6 210 2!C
VW IGP1CCO z3' Ic8 158 10 277 271 E'62

NOCE N0. 12 TOTAL LINKS 5
N.Y.? CCCACINATE 35. 21. 250
L109CC TO I0 C 2 9 7 -10
EOPOSURE !16 9? 70 6! !66
WE 16-TED i3q 96 182 1!2 !67
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Table A.10. (cont'd.)
Cot Ne. 22 TOTAL LINKS 3

.,y.Z C COMI1% AT E 3 1. 52, 300
L0WKED To 13 10 21 37 30 9 7 8 42 33
L!.1.,ED TO &S 4 7 -26 -2! -13 *27 -*2 -41 -24 -2
LIUKEQ, To -20 -18 -1 -32 -12 -10 - -31 -. 2 -43
Eit SUP 11 s1 a3 a8 70 32 , 6 4 so .9
ECIPCSURC 11! 1&9 330 11 j;! 29' 21 219 176 76
E iPOSURE 27 220 10 21 2 22* 1:! 18 ICS 7W6EIS O 22 16* 133 75 ?9 2 16 122 9 1 10
1.t ~T 0 26 1720 662 236 2*0 26:* '13 105,
hLI G"TEO 07* 4 a 21e 536 245 241 366 360 212 1740

X CCC.NiC 1067 . - do 300

1151(22 T0 32 37 32 3.3 -42 .*3 -*G -44
EX CSURE 10 67 73 31 15! 132 1e: is:W21CI~T: 20 8 7* 6 0 266 37 198

NC2 OO. 3! TOTAL LINAKS 3
..,., "CC0ftcPIk *. 4. 300

LI6KCO To 3.^ ;*2 -*3
EtPCSER 110 1* 19
.EJ102 11 13 9

hCOE 0 4 OA LINKS 3
0..ZCCCCINATCTA 1.0 . 0

LI NKE2. TC 52 -6 -*2
CXPOSL*[ 36 0 19A
w216o-TEO 74 2 358i

NCOE NO0 !6 TOTAL L1IUKS 4
,,2CCOOI'.T2 5 'C. '00

LINKED2 To 57 -2 -62 -5
E p CSURE 12: 28 160 98e
VEIGPT EC 202 29 322 190

"202 N0O 3 TOTAL LINK(S 5
z IN,. COChTE 18 6 .300

LIPOKCC TO 52 3s7 57 -0 4
IOSUSE !.C 22 5e' 151 I'52

UEIGMTEC 202 66 lie 304 193

NOCE 'C. .!7 ICTAL LINKS *
109, 'CCFCINLTE 21. t2o 30
LlhKi: To 30 -*C -*1 .46

E-iC i 2si !.5 11e
i16T: 2 3!4, 392 222

%C02 KC. 3C '0101 LINKS
0Y,7, CA1#.TE5 to 419 300

LA , E.T% 13 -2' -23
EmPCSLK 1 2-4 3@
V "E 2 *5C i3

%ODE %0- Ii '07&1L L'%KS 1*

LOIKO TC 8 - 91 -2! -11! -2' - 1 -3 -1 -26
L 1%4c TC -2 -,2 -*0 -41
Ev

5
CSL*2 133 Is 6 132 130 208 261 212 138 237

C , CSuAE 6e 1015 176 17!

41160,TEC 1.12 I0 7 266 262 '18 52* 026 278 236
160-STEC 98 l1e 3!4 3*2

%C0E INC. 1 TOTAL LINKS 3
,,,Z COCIOINATE 411 '70 290

L I % . E 7 12 -
EIPOSLPC 10O c 123
u . I ED2 101 2 242

hell Nc. 10 ICTIL LINK4S I!
X.1.2 CC04CINATE 30, 1*, 700
Lit.'CC 10 7 a 21 -2 -13 -1 -23 -26 -3 -16
LIS-EC 10 -1o -12 -:4 -2C ;27

212~2 60 W) 07 119 121 112 68 287 200 2M
2X UE ^32 2!! I'S 23? 23s

1C~sC 29 33 16 2:4 346 67 336 '02 *20
E IG710 232 27* 272 2 4 *0

RCGE -;2. -23 TOTAL LINKS 12
0.7, COORDI1NATE 16. 32. 310
LZN2 c V) 45 -2* 1 -if -26 - -1 -0 -*2

L10NEO! TO .41 -2
CIPOSLAC 1S0 73 220 12* 276 287 221 1!3 201 13*

COOSUME 19' 3
1.11IOedT C a 02 1!8 *42 850 55* 888 4*14 268 *116 13S

vE *IGOSTEO *Go 62
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Table A.10. (cont'd.)
NIENO. p-,' TOTAL.LINKS 4.23

. V* ,7 CCOPINl 32E , 210
LINVEC 10 7 -1I
EPPCSURE 0 2!6
is[ IH1ED 1 474

NfICE KC. 71 TOTAL LI1KS 1
X...Z COORCINATE 41 20, 30

111,6(0 10 -2 -1 -21 -

EWPCSL.E 140 244 107 11
wrIGm1ED 192 89 2174 34 6 34 30 6 e 2

PK'OC KC. -24 TOTAL L IKKS 6
N.Y,2 CCORDINATE 17, 2, !40
111.6(0 TO 8 -1R -23 -2-34
ENPCSUPE 820 245 14 121 5 6
41161-TED 166 52 430 123 18 2

NICOE &0. -24 TOTAL LIANKS 2
X.'.? CCOO4INAIE 17 4, 3 310
LINKED To -18 - 42 . 4
EPPCSUPE 82T 125 24 17 5
%t 10-TED 166 3744 0 18 li 2

NOE NO. -1 TOTAL LINKS 2

).Y.z CO4CINATC 17. 9. 330

1144(1 10 -3p 4 3

EYPCSUAE 16r5 1719 21

WG.T( 346IE 1700 23 2

NO:( N.C. 52 10TA1 LINKS 23
W.,2 CCOCOINTE 1.-. 6, 300

1. 144CC TO 570 12 -20 -48 -627 -40 -59 - -41 -52-7
L244(0 70 -64 -47 3
EYPESURE 102 241 13 11 914 179 107 159 614 143
ExpPISUPE 202 249 24 12 23 19 9 3 i 5

wi.IGo.1O 103 150 20 234 230 177 21 169 0 16627 160
wE 1OP47ED 212 200 5 13 so 0 .0 4 3 0

KC01 '.0. 52 TOTAL LINKS 62
10921 COCCPO0IATE 27, 77, 300
LIF#K(C 1o 57C .1 -42 -42 -62 -40-61-1 -5 7

EPPCSIJ( 101 100 735 4a 209. 170 0 5 6

A116m7(C 2C26 27020 5 9 26

NCOF NC. -52 TOTAL LINKS 6
X,VZ CCCPINATE 2,9 7, 350
LINPKEC TO 70 -71 -39 -? -04
ExPCSUPE 601 100 16! 0 20
wE IGi1EO 166 22 52 260 33

'.CGE KC. 702 10TAL LINKS 3
X,1,2 COOROIhATE 3. 100, 330
LINKEO TC 81 -71 -76
[.8(6160 67 279 175

- ,'EI&MEO 161 260 1732

NC'OE NC. 71 T01T1L LINKS 3
W,1,2 COOROINATE 6, 113, 330
LINKED TO at 42 9 -7 6 -76-7

WEIOMICO 06 1440 10 23 190 20

6000 h0. 81 TOTAL L INKS 0
X,1,1 COOMOINATE so, 106. 340
LINKEC To 92 -76 -74 -71 7 -f

EXPOSURE 96 242 279 245
wt1S"TC(. 970 2430 2600 492

______________________ ___________________________________~Ai
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!able A.1O. (cont'd.)

I-v AC .IA i L~ I K S

7' 7 e 1 0 -74 -78 -bg -.
4  

- 1;7 - 79

11 SL ft 16, I2 17L 7 .31 202 12( 222 104 1 1

6' I.-f If 1t3 0~. 1 1C F L 2 320 2 c3 0 12- 446. 75 c 1 160

P. L . -E 2 T0TA0 L I S 6
) Y:Z CCC CINATE F , f9, *0

LIf.'CE C 7 45 c0 -48 -41 -40
r OSUA( Ul 1 4 177 147 18 138

tI G-T[C a2 71C 178C 29b 7678 276

fCCE NC. 45 707AL LINKS 21

P.Y.Z LOORDINA7E 45. (1, 340

LINKED TO 47 A9 F0 21 27 65 -'1 -53 -43 -40

LIkKEC TO -39 -48 -32 -26 -27 -54 -37 -60 -64 -61

L [k-(C T(f -59
E xPLPI 188 213 122 32 211 0 211 129 191 188

C,8o00E8 I18 118 242 22' 235 311 25C 321 225 311

E'PCSUPE 68
WiIGHTFC 1890 2140 248 66 21;, 10 424 1303 1920 37

W11GIE 1841 2!8 243 450 46e 3120 251 3220 452 3120
kf IG-TEO 132

Nc20 NO. 65 TOTAL LINKS 9
XY.Z CCRCINATE 74. 89, 330

L ,Nv E L T 6' 7 3 7 1 '~-66 -61 96 -68 -54
E PCSURE 53 97 1s 37 137 344 211 325 297

WL16 TfC 54 48 2C 3po 138 690 212C 652 2980

NCC0 'C.C 71 TOTAL LINKS 6

X.Y.Z CO0OIA1[0 86. 02, 300
LIxEC TO 8 73 '9 64 -6' -66

0YP0SUPE 7 b? 85 32 91 56

WEIGhTOC 202 13f 86 330 92 970

KCCE NC. 7 TOTAL LINKS 9

V.9*, COORDINATE 97. 108. 300

LIKKEC TO 67 77 80 89 53 66 -P2 -69 -81

[XPOSUR[ 74 140 91 34', 276 0 300 94 243
WEIGHTED 75 141 184 346 277 1 301 190 486

NOVE KC. f' TOTAL LINKS

X.T.Z CCCRCINAT 112. '?3 is0
L!NKEC TO 67 61 77 63 62 69 76 -72 -5e

EXPOSLR[ 77 !3 166 116 103 102 131 1SO 164

WE IG#TEC 156 to 167 234 208 103 132 !91 330

hO0 NC. 81 TOTAL LINKS I
X.Y9,Z C0:8CIA7E 110. 61, 250

LINKEC TC 62 53 51 67 -58 -51

EAPOSURE 190 140 37 0 16 55

WEIGHTED !91 282 76 1 !78 112

NOD 4C. 67 TOTAL LINKS 5

XvY*Z CCCROI6ATE 104. 96, 290

LINKEC TO 63 77 -72 -69 -s8

EXPOSURE 41 76 lee 132 0

WEIGHTED 84 77 101 266 2

NOC NO. -58 TOTAL LINKS 6

X8.8Z COCROINATE 112. 6', 300

LINKED TO 63 62 5! 69 -72 -51

EXPOSURE 190 179 104 90 148 56

WEIGHTEC 382 180 21C 91 149 114

NO0 NC. 69 TOTAL LINKS 7

11992 CCCRCIST0 127, 9, 3CO
LINKEC TO 76 G8 a 62 -65 -63 -72

[XPCSUR[ 140 114 15 0 331 195 19

WEIGHTED 141 115 15S 2 664 392 40

NO0 NO. 62 TOTAL LINKS 6

X8TZ CCCOCINLTE :24. e, !3C3

LINKED TO !P .' f -63 -6s -51,
EXPOSURE 152 88 5- 261 324 29

VEIGHTED 306 178 56 26 325 60
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Table A.1O. (contd.)

NDE N. 60 TOTAL LINKS 5
K.T*Z COORCINATE 137. 98. 300
LINKED TO 78 T6 -65 -73 -63
EXPOSURE 223 40 346 319 215
WEIGHTED 224 41 694 640 *32

%0D %0. 'S TOTAL LIk.S T

X.YoZ CCORCINATE 12!. 1C6, 300
LINKED TO a& 77 78 -72 -80 -84 -6S
EXPOSURE 245 119 13 69 26? 289 222
WEIGHTED 246 68000 52200 49000 28800 STCOO 111S00

* . .



130

Case 7, Area 2, Route 1, Sensor Set 2.

..............
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Table A.11. Case 7 - Node Linkage for Route

FR0C CASTING NORT-146 TO PCNALTY CASTING NORTHING

3 3820 7260 9 2 4970 7630
9 4870 7630 13 1 4450 8470

13 *50 8470 7 50 5290 7630
7 5290 7630 -2 40 4240 7280

-2 *20 7200 11 101 4100 7980
11 '100 7980 31 17 2560 9870

31 2560 9870 37 1 3470 10640
37 347c 1C640 50 41 3260 11550

50 !260 11550 56 22 2630 12320
6 2630 12320 -59 159 3610 12550

-59 3610 12950 -71 e0 2700 13720
-71 2700 13720 -78 4E 35*O 14560
-- 8 3540 14560 -79 1 '590 15120
-19 4590 1t120 07 b9 5150 15*70
E7 51!0 1!470 90 35 6060 15540
O ic5 !4*0 83 5 6900 1*980

33 6900 149 0 SO 6 7610 14700
v0 781C 14700 79 34 6790 1*560
79 e790 14560 81 10 956c 14770

-- ~ 777~ ~
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Table A.12. Case 7 - Node Linkage
NODE NO. 3 TOTAL LINKS S
N.Y.O? CCONINATE 26v 49 !!0

LINK E To 11 8 9 -2 -1
EXPCSURE 75 107 C 148 166
WE1GHTED 76 216 2 298 334

NOD NO. TOTAL LIKKS 5
3.7.2 CCORCINAT 1. 9, 290

LINKED TO 7 12 11 13 -2
EXPOSURE 147 75 65 0 137
WEIGHTED 296 152 132 1 276

NODE NO. 13 TOTAL LINKS 6
XNY.Z CCOROINATE !59 21, 290

LINKED TO 11 19 23 12 7 -21
EXPCSUPE 124 79 17 53 24 156
WEIOGTED 250 to 08 108 so 314

NODE NO. 7 TOTAL LINK$ 4
XvY.Z COORCINAT *7, 9. 300
LINKED TO 12 -10 -2 -12
EXPOSURE 100 265 Is 2*8
WEIGHTED 202 5!2 4 498

NODE NO. -2 TOTAL LINKS 2
XoY.Z COORDINATE 32. 4. 310
LINKED TO 11 -1
EXPOSURE 100 96
WEIGHTED 101 194

NODE NO. 11 TOTAL LINKS 21
X.Y*Z COOROINATE 30, 14* 300
LINKED TO 19 23 8 12 1@ 28 22 32 31 -13
LINKED TO -1 -;1 -23 -26 -3 -18 -10 -12 -2' -20
LINKED TO -2'
EXPCSRE 91 s8 144 92 95 64 103 39 16 1*9
EXPOSJRE 1s5 134 91 210 176 175 269 271 240 270
EYPOSURE 183
WE IGTED 92 99 290 186 96 65 208 4O 17 300
NEIGHTED 312 27o 92 219 !5* 352 540 504. 298 S%2
WEIGHTED 36

NOCE NC. 31 TGIAL LINKS 6
x1.Z CCOROINATE as 411 300

LINKEC 10 4 10 2@ 37 -24 -23
(NPCSUOE 100 6* 1' 0 228 so

WEIGHTEC 101 130 40 1 *58 el

NOGE NO. 3? TOTAL LINKS 7
Ploz COORDINATE 21. 52. !01
LIP, E[D 10 42 !0 32 20 -*0 -41 -*e
EYPCSU( 100 *0 36 28 259 13 16
WEIGHTEO 202 41 7* so 2S 368 187

NCOC to. 90 TOTAL LIAKS 6
004o COOUOINAWE Is* 8s 310

LINKED t0 Sp *2 58 5T -*0 -*
ENPOSUU( lot 93 is so 219 193
WEIWT(O alt 1s 22 S9 4*6 366

NCCE NO. 56 TOTAL LINKS 4
3oV.2 COOROINATE go 78. See

LINKEC TO 52 -1 -45 -59

E[PCSUH( lOo 21* 285 1M8
WLISIEO d0 219 332 IS9

N'CC NO. -S9 TOTAL LIKS 5
N.yoz ¢CODOINATE 13. 85, 356
LINIE!P TO 57 G -82 -84 -71
[P'OSUPE M60 so? 189 Is? 39
WEIGHTED 111 196 332 Is@ O0

MClC NC. -71 TOTAL LINKS 5
torsi EOsolNAtIE Ifs 969 350
LIN49S TO O 0 -68 .76 -74 -78

EXPOSURE 1ll 238 its 129 *?
W|IOPtES 202 83? 121 136 *6

......
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Table A.12. (cont'd.)
NOE N!O -Tb TOTAL2LINKSo8 6.

0.,. ORINAT 2,19 4
LIMMEC TO :4 '5 82 -74 -?a -7:
EXPOSURE q0 10 17 195 ;12 0
WEISNTEO 91 ?1 36 392 226 1

MOOE No. -71 TOTAL. LIRKS 9
K.1,2 COORDINATE !7. 1169 330
LINKED TO 86 e1 72 75 A* 74 96 -45 -74

EXPSURE 100! 0 90 90 8 62 44 90 96

hEGT E 101 8 91 182 162 126 90 91 1 94

NODE NO. 87 TOTAL L!NKS

X;,1,2 COORCINATE 445. 121, 320
L IN'll 1 to 86 d5 90 -8s -88 -75
EMPOSURE !32 40 36 119 109 96
WEI60-TEO, 133 41 39 240 110 194

NOSE kNO. 0 TOTAL.SLINNS 6... z COO IN 7E fig 122. 310
LINK9EC TO 85 -1 8 83 -se -77

Ey POSURE 132 13 77 8 121 96
AEIG"TED 133 1034 ib6 1 244 194

NODE Nic. 83 TOTAL LINKS 0
X;,Z COOROINtTE 70. 114, 300
LINK ED TO 91 7! bi 8lt 80 -77 -51 -75
EXPOSUmE 1 2. 9 921 263 36 138 5; 971
WEIGNIED 250 198 92 10 3 278 5 9

NOE NO. 80 OTOTALeLIhKS~o 6.
1.1.2 COO N TE 3, 110 30
LINEDO TO 71 73 88 79 89 -81
E XPOSURE 10 10I5 133 33 154 156
.EIG"TED 202 212 268 34 155 15 7

NODE 60 9TOTAL LINKS 10
.. CCORI T 7k;.?A E 9' 108, .00

LINKED TO 81 71 67? 77 89 193 66 -82 -61 -01
ExP3SuRE 179 lee 124 135 207 191 51 27 I * 109 C
VEI~mEICD 1S0 763C0 37!00 13630 62&CO 19200 1566C 816 47500 55000
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Case 8-Area 2, Route 2, Sensor Set 2.
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Table A.13. Case 8 - Node Linkage for Route

FROR EASTIG NCRThIlG TO PENALTY CASTING NORTHING

35 2770 10500 28 1 3610 9660
28 3610 9660 37 67 3476 10640
37 3470 10640 30 2 2!60 9870
30 2560 5W70 15 50 25L 9030
15 2580 5030 9 7 4870 7630
S 4670 7630 12 1 4450 8470

12 4450 e470 7 50 5290 7630
7 5290 7630 -2 40 4240 7200

-2 4240 7200 10 101 4100 7980
10 4100 750 31 37 4240 10080
31 *246 10080 36 52 5290 10640
36 529C 10640 46 119 5500 11270
46 550C 11270 34 F 4730 10430
34 473C 10430 32 156 5500 10150
32 5500 10150 -21 56 5010 9100

-?1 1010 91CC 11 34 5*30 8190
11 5430 6190 21 19 5570 9170
21 557C 9170 19 110 4100 9100
19 4100 9100 -23 72 3120 9240

-23 3120 9240 22 1e *170 9240
22 4170 5240 42 3* 2580 11060
42 296C 11C6c 33 6' 2280 10360
33 220 10360 b6 3* 2630 12320
56 2630 12320 50 25 326C 11550
50 326C 11550 57 59 389C 12390
!7 ie9C 12390 -62 110 2840 13090

-62 26*0 13090 70 2 2210 14000
70 2210 14000 el 1 2560 14910
P1 256' 1495 96 1 3610 15960

S6 361C 15560 105 1 *660 17C10
105 4660 17010 91 1 6620 15540
51 6620 15540 88 55 7670 15470
8 767C 15470 83 22 6500 1450
83 6900 14960 60 46 7610 14700
PO 781C 14700 79 34 8790 14560
79 8790 1*560 66 52 9E40 13510
66 9840 13510 76 144 10610 14420
76 1Cilo 14420 84 191 10560 14580
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Table A.M4. Case 8 - Node Linkage
WOC NO. 35 TOTAL LINKS a

50;C O 2 3 37 so 28 -42 .45
T.,POSUPE lot bf 77 69 4 0 193 15*
.f r GTED 202 87 156 1*0 5 1 30@ 310

N00 O 4;o26 TOTAL2LIKKS~o 
7

L2NKLf To 22 19 31 1S 37 30 -23
ERPCSUPE 13*4 76 121 137 66 47 195
NOIGNlfC 235 77 244 276 67 96 392

%,CDE NO. ,37,TOTAL LINK(S,

l.TOZ COO3 I 21 ft. VC00

LINPNEC TO *2 to 31 30 -%4 .3 4

: C P S u o 1 0 0 .7 * 3 0 ; 41

W.160-TCO 202 :A 08 2 25? 388 111:

ICDE NO. S0 TOTAL L INfKS

'I Z2 C;OKINATE of *1 500

LINKEC TO 3- Is -24 -23
,P CSUiN( 100 !; 22 50

v!.cGTEO 10 50 30 1

VCO vC. 10 TOTAL LINKS 22
z . 000 ICNO A It 1 4 24# 310

LItN:ECCIO 19 22 8 33 10 12 51 *2 3* 9
LI'KEC TO -23 -1! -24 -18 -3 1 -2e -21 -2 -*2
LIfMCC TO -40 -*1
LAPCS&JA( 61 73 114 b0 59 41 5* 37 28 6
I pCSURE 132 1 !o 211 220 1 79 g6 197 86 46 160a
[;POSU:EK 177 171
6 1 OIEC 124 1*6e 230 61 60c 2* 110 38 so 7
b(IGo-TED 133 262 *2* 4*2 360 1S6 390 174 96 161
VE 26.'t 176 17?

%COE NO. 9 TOTAL LIMA 5
X,9.7 COORDINATE *1. 9. 290
L2NKE~t 10 7 11 10 12 -2
EXPOURE8 1*7 75 65 0 1!7
bclOO*TEO 216 152 132 1 278

40OE 40. 2-TT IS 61,9, CCO.Cj2INA 3 21,. 9
LI8'K1C 10 20 19 22 11 7 -22
EXPCSOE8 12 79 a7 53 2* 156
W116)110 250 80 so 108 50 314

%CC[ %C. 7 TOTAL LIN6AS *1
KOYZ CCOPCIRATE 41, 9* SOB
LIKLO 10 11 -to -2 -12
[KPCSUPC 100 265 19 2*8
NEIGO-TEO 2.2 532 *0 *96

IECC 40. -2 TOTAL LIMKS t
0.9.2 COOADINIATC 2. 41 318
LI'EK(c T0 to t
E[KPCSURC to0 16

%COE PIC. 10 TOTAL LINKS to
xYZ CCOAOINATC 30o 1*9 3600
LINNOC To 29 22 a 11 21 31 -1! -1 -21 -23
LINKEC TO -28 -3 -28 -10 *12 *-2* -20 -27
coPOSUNc 91 17 2*3 91 200 36 1'9 156 131 e4
CYPoslt'r 11 173 172 266 267 14* 266 178
Wt26'110 92 is 266 28* 202 37 300 310 166 90
bEIC..700 217 348 3*6 S34 534 290 53* 356

N'CC P.C. 31 TOTAL LINKS A
N.Y.? CCOMOINATE 32. 4 See

LIN'CC TO 3* 22 29 36 -2& .*6 -*1 -20

CIP CSURE 126 71 34 25 149 JI05 208 65s
ED~pC 234 80 80 52 2s0 206 2049 66

L 4KED TO 32 3* 5 46 50 7 -32 -39 -* -3
LINKID To .27 -26
CIPOSUPE 156I 99 239 11s its 267 to! as 205 26 ION

W0161.ICO 1 1109 a4l M 11 161, 166 2066 1060 *1* 1636

1119161,111 Sol 34*



Table A.14. (cont'd.)13
4001 hC .C46.TOTALLINKS 10,

A,1, CC8ZAT 61# 320
LI KECO 10 5 47 3; 34 -4. -'3 -3' -S2 -'1 -32
CAPOSURE ;57 215 197 3 223 230 20o 190 182 14
WEIGHTED0 511 2160 1883 a 2240 231 2056 382 346 330

MODE N0. 34 TOTAL LINKS 6
X.1,2 CCOPOINATE 3q. 45, !c:
LINKED TO 32 45 -61 -2* -40 -27
EXPCSURE 78 185 261 242 222 175
WEIGHTED 158 186 268 486 446 352

NODE No. 32 TOTAL LINKS 9
X,1.2 CCORDINA'E !00 '5. 33C
LINKEC TO 21 '36 -27 -32 -26 -39 -21 -43 -41
EXPCSUKC 49 183 275 2?' 22' ISO 2' 151 1A'

WEIGHTED ITO 1040 552 2250 456 1910 54 1520 336

NOCE NIC. -21 TOTAL LINKS 6
X,1,Z CCORDINATE 4s. !0. !33
1.044(0 TO 21 22 19 11 -26 -2?
EYPCSURE i50 4A 15 16 271 109
WEIG6NTED 310 98 40 34 212 380

N0CE No. 11 'OTAL LINKS 4
X*. CCORC1NATE 45. 17. 3C2
Lt14400 TO 21 -12 -to -20
EXPOSURE 1t 346 53 25&
31!I"1TED 19 494 400 510

4ODE he. 21 '07*1. LIKS 23
X,Y,2 CC.RCINA-E 51. 310 3!;
LINKED0 TO 27 13 22 19 38 45 2 3 -27 -20
LINKED 10 -26 -12 -32 -10 -!S -6 -15 -20 -31 -*13

LINKED TO -41 -40 -3(.
E4P:SUPE !37 221 74 54 214 103 74 49 278 354 t
EVPCSURE 254 321 233 309 212 206 300 312 220 153

EXPCSURE 1940 175 195
WEIGHTED 3380 444 150 110 21!C 164 154 140 558 710
WEIGHTED s10 9144 2 4t 620 2136 516 3010 3130 2210 1440
WE014TED 191 176 1940

MODE NC. 19 TOTAL LINKS 4
4,1,2 CCORCINATC 30. 30, 250
LINKOI TO 22 -26 -23 -13
EXPOSURE 100 200 35 39
WEIGHTED 101 402 72 80

N0CE NO. -23 TOTAL LINKS a
4,1.2 CCORCI%I0TE Is. 32. 311
1.14400 TO 22 -24 -13 -18
EXPOSURE a 228 137 144
4C16.TEC 1s 4le6 276 294

%ODE 40. 22 TOTAL LINKS 21
4.V.2 CCORC1NATE !I. 32. 300
LINKEC To a 42 33 4! 47 -26 -1! -27 -40 -'1

1.044(0 TO -24 -20 -18 -1 -32 -12 * -1c -390 -3 -'2
LINKED0 TO -63
EYPCSLRE 96 33 32 107 147? 270 113 235 216 ;19

EXPOSURE !75 300 186 41 196 279 271 1ts 156 1!6
EXPOSURE III
WE IGHTEC 194 !4 44 100 168C 542 220 472 217 220
us IGHT00 !52 602 374 184 394 560 272 1340 314 !14
WE IGwTEO 1720

NO0E NO. 4. TOTAL LINKS 1
X.1,2 CGO2R.IkAI 14, ps 300
LI01KEC TO Se !2 3! -4? -a! .40 -41

EXPOSURE 100 73 31 20S 103 169 166
WEIGHTEOD 101 74 64 412 368 300 147

0001 kC. 33 TOTAL LINKS 11

X,7,2 ECOPOINATE 4. 48. 300
LIREC TO 12 * 0 1! N ! -42 -45 .24 -10 -40 -'0

LINK[C TG -13
EiPOSuR! 40 58 33 SO 2490 233 211 196 20! 190
EXPOSURE! 62
WE1GHTE0 62 t9 so 59 250 234 422 394 412 IS1

WEIGH.TED 126

?#Cot NC. A6 TOTAL LINKS
4.1.2 CCOQOI4ATL 9, 14.0 300

LINKEC TO S2 So -02 .45 -59
COPOSUR! too 28 214 145 ISO

WEIGHTED 202 29 21! 332 1!1
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Table A.14. (cont'd.)
NODE NiO. 50 TOTAL LINKS 9
8,YZ COOROINATE 18 65. 300
L ;KtI TO 52 57 AP -0
ExPCSuRE9 100 .8 219 193
WEIGHT1O 202 i9 440 188

'dCCE 1.0. 57 TOTAL LINKS 6
8 Z COORDINATE 27, 77. 330
LI-PaEC TO 60 -59 - -52 -6 -62
E POSUPE 172 1f0 193 122 191 94
WE ISFTEO 173 322 2@ 296 192 110

h6OC[ AC. -62 TOTAL LINKS 38.5,z CCOPC1NATE 12, 87, 350

LI rEt[ TO 70 71 -59
EO(POSLRE a 195 226
wIG HY(O 2 IS( 454

IOLE SC. 70 TOTAL LINKS 3
10.5. COOROIjAT[ 3. 100. 330I K * z TO It -71 -76
E;PCSURE 0 195 86
vEIGPI[O 1 392 87

NICE NO. 81 TOTAL LINKS 6
Xv Z COOROINATE 8 113. 330
LINKED TO 95 P2 96 -76 -78 -74
E POSLRE ST 49 0 147 97 12?
WEIG"TEO 116 so 1 296 98 256

O NC, . 96 AOTAL LINKS 8

I,5,z CCOEOINATC 23. 128. 330
LINKED TO 02 102 95 105 -93 -85 -92 -79
ENPOSURE 63 149 94 0 190 54 14C 24
WEIGHTED 64 1S 110 1 382 55 282 so

MODE (0. 105 TO0AL LINKS 13
wo.5Z COOROINATE 38* 143. 330
LINKED TO 87 86 90 85 82 95 91 -85 -as -93
LI9IKE TO -79 -95 -92
(bPCStI8( 81 62 28 13 59 53 0 140 137 128

CVPOSLAE 06 121 96
uttG.TtC 104 126 29 28 120 100 1 149 138 256
k(IGTEO 87 294 194

NC( 4C. 91 TOTAL LINKS 6
A.tz CCOROINATE f86 122, 310
LlSCO TO 90 e! at SO -81 -7?
EvPv.uAE 124 P? 95 so Io 73
VtlG-TDO 250 176 192 59 181 148

%oC P.O. 38 TOTAL LINKS 6
X0*,Z COOROINATE Oe 1219 120
LI REC TO 80 p3 99 -81 -87 -90
EXPCSUME 29 10 116 139 146 150
bcIOTEO 60 22 11? 190 299 151

NOC %0. 03 TOTAL LINKS 7
.**Z CCORCINATE 70, 1149 300

LINKED TO 73 Is so 90 -77 -61 *vi
ExPCSURE 124 76 9? 56 161 54 91
WEIGIOTEO 250 159 4 114 329 L5 196

%COE 1C. 80 TOTAL LINKS S
8O.,Z COOROIATE 03. 110 300
LI KEO TO 71 73 79 89 -81
EPCSURE 10 285 33 159 so6
W(IGTEO 202 212 34 255 1s?

%act %C. 79 TOTAL LINKS 9
x,,Z COOROINATE 97 l08. 300

LINPEC 10 71 67 77 09 93 66 -t2 -69 -81
EXPCS.,RE 100 124 135 20? 191 52 271 99 109
%EIGPTEC 228 125 136 208 192 52 272 190 220

" .. . * ' 1+' .. .. : d " '" + . ' "... . .. . " " , " ' S I .- .
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Table A.M4. (cont'd.)
MODCNO E ft;S6,OTAL LIkKS,3 9
:,YgZ CONINATE? 1212 93 290
I%[ T) O 67 1 77 63 62 69 76 -72 -58

EKP(OSU:C 12 100 160 17* 234 157 143 238 209

A0iG~ _~6 2C2 161 35 0 478 158 144 23 9 580

60N O.I h0C76 100*0. LINKSO.90x .. Z CCOIN 7E 123. 106 8
LINAEC 10 6q 14 77 78 60 -72 38 ;:4 ;65

15tjf 5 190 1 1a 131 13 23 25 17
WLIGH7ED 780 191 5500 54600 39600 7980 23,100 61800 9400



APPENDIX B

FORTRAN PROGRAM FOR ROUTING MODEL

The program that has been developed as a result of this research

is currently running on a CDC Cyber 7400 series machine. The programmed

model has been tested on a ten kilometer area and was run for a 35 by

35 km area. The longest running feature of the model is the line of

sight calculations. The model has 14 subroutines which are controlled

by the main program and one subroutine. The relationship between the

subroutines is shown in Figure B-i.

Within this appendix is a short discussion of the model. The

basic purpose and operations of the various subroutines are given first.

The arrays in COMMON and those that are not are defined. Also variables

within COMMON are defined along with some which are used only in a

single subroutine. With one exception, flow charts were not drawn for

the model since the definition of the variables and the comments within

the program itself should be sufficient. The logic of subroutine CLUST

is not obvious, therefore a flow chart was drawn for this subroutine.

Lastly, within this appendix is a listing of the Fortran computer code

for the 10 by 10 km size model.

Main Program

The main program is an executive routine that directs the operation

of the model. Five subroutines are called by the main program. The

initial call is to INDATA which is a short subroutine that reads the

terrain data. After this call the main program groups this elevation

140
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ARCH
INDATA

MINALT(IC, 1K)

HILOELV(IC,IK,I)

IC>1. IK>l CLUST(IC)l [j CALCEN(K,1,),

IC=1, IK=1  { CALCEN(1 WRITCL ) J
HILOELV(IC,1K, 2)

LINKAGEK

Figure B-1. Main Program and Subroutine Relationship.
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data into elevation bands. Each sensor site's elevation is obtained

from this data by finding the sensor's location within the elevation

data array. A call is then made to the MINALT subroutine to determine

both the maximum and minimum elevation groups within each elevation

data array of 1 km square. Two calls are made to HILOELV subroutine;

the first call is for processing the low elevation band and the second

call is for the high elevation band. The next subroutine called is

LINKAGE which is an executive subroutine that directs the routing

process. If the results of route development are to be retained for

further use, then SAVE can be called.

INDATA

This subroutine only reads the elevation data for the model. The

terrain data is read in strips of 1 km wide and up to 50 km long. The

data is stored into arrays of 15 by 15 data points and have a terrain

interval of 70 meters between points. As each new strip of terrain is

needed, a call is made to this subroutine.

MINALT

The minimum and maximum elevation data points in an array are

found and stored in arrays in a packed format. The array ISET contains

the row and column index of each low point and the array MSET contains

the high points. The data is processed sequentially from the first

terrain data array element such that if a new minimum or maximum is

found, the pointers and counter are reset.

HILOELV

This subroutine is divided into two major parts. An IF test is

performed on a call parameter ILO to determine whether the low
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elevation (IC,- ,ILO=l) or high elevation data (-,IK,ILO=2) is pro-

cessed. The logic is the same for each part. A call is made to CLUST

which identifies disjoint groups of elevation data. After finding the

members of each cluster a call is made to CALCEN to calculate the

cluster center. If there is only a single value in this cluster,

CLUST is skipped and CALCEN is called directly. The values on these

centers are then stored in LOWCEN or HICEN depending on which type of

elevation data is being processed. After storing these values a return

is made to the main program.

CLUST

Once the low or high data points are identified the cluster to

which they belong is determined by the beginning and end of each data

point string. The data points have been found sequentially; therefore,

the breaks in adjacency of points define the cluster boundaries. Since

the row and column indexes are stored by letting IVAL = (ROW * 100) +

COLUMN, subtracting two consecutive values will indicate whether they

are adjacent. When all the members of a cluster are found, a call is

made to CALCEN to calculate the centroid of the cluster.

CALCEN

This subroutine calculates the centroid of the cluster found in

CLUST. The mean of row indexes (V) and mean of column indexes (R) are

the values for the center of the cluster. Since the indexes are integer

values, the sum of the indices has a half added to allow for truncation

of the decimal portion. An IF test is made on the calculated indexes

for the center to ensure that they are within the array dimensions.

For debug purposes several write statements in this subroutine can e set.

I.
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Start
I

Initialize

Find Add J
i fference To List
I Next to. of Points

K K+l

Diff * 101 Increment J
j a J+l

Diff < 0 j > J+l

K = I

Increment 1,J

Call CALCEN I

j J+l

Is
Cluster
Empty I

I+l > IC

Is
Array I
Empty I > IC

Call CALCEN

Return7l

Figure B-2. Subroutine CLUST.
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WRITCL

To list the clusters and centers this subroutine can be 'called

letting LWRIT > 3. The low (or high) elevation cluster and pointers to

the cluster members are listed. When this routine is called, LH is

checked to decide whether high or low elevation values are to be printed.

LINKAGE

Once all the high and low elevation centers have been found, the

main program calls this subroutine. The remaining portion of the model

is directed by LINKAGE. The first subroutine it calls is LHSORT to sort

the high and low lists of centers. Then subroutine RADIAL is called to

determine the LOS between each node point and each sensor. RADIAL also

calculates the first part of the penalty function.

The routine now processes each route node by finding all other

node points which are within I km. These other nodes are the neighbor-

hood of points that have possible links between them and the current node

being evaluated. Two arrays, LINK and LINKTO, are used to store which

nodes are in the neighborhood, the penalty value associated with the

nodes and a beginning of the list for each node. The high nodes are

identified by a minus sign. Having defined the neighborhoods and penalty

values for each point in the neighborhood, the route node is selected.

Control is then returned to the main program.

RADIAL

This subroutine is the most time consuming of the model. To

determine visibility of two terrain points requires more effort than

would seem to be necessary. The first problem is to locate where the

two points are in the terrain data base. Along the vector connecting

V
... . . . . . .. ... . : " - ., . .'
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these points a search is made for any terrain feature that would block

the line of sight.

The subroutine first determines whether the sensor or the node is

the westernmost point. If necessary the logic will swap the two points

to set the node as the western point and the sensor as the eastern point.

Having established the ends of the LOS vector, the tangent from the

horizontal and the sine and cosine are calculated.

With those parameter values the routine begins the search along

the vector. The vector is tested to locate its direction. Depending

on whether it's between 0-45', 45'-1350, or 1350-180' will give a

heading of north, east or south respectively. The calculations used

are given in section 4.3.

The routine finishes by listing the exposure values calculated for

the number of sensors that can see each node. These values will then

be used by DIFFER for those nodes which lie along the route corridor.

LHSORT

The initial point and the terminal point are added to the list of

low elevation centers. The low elevation centers (nodes) are sorted

into ascending order by row. This sorting is to ease the logic for the

model. After the low centers are finished the high elevation centers

are sorted in the same manner. Pointers KFIRST and KLAST are used to

locate the initial and terminal nodes and are set after the sorting of

LOWCEN. The lists of low and high nodes are written out as tables before

returning to LINKAGE.

NEIGHB

To define a neighborhood it was found that the normal visual search

pattern is limited to I km. The nodes which lie within 1 km are considered

- , A
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to be neighbors of the cur nt node. The resulting area is

a 2 km square with the principle node in the center. Having sorted the

arrays of centers, only 15 rows in either direction from the current row

are searched for a neighbor. For any row that is searched, only those

nodes which are within 15 columns on either side of the current node are

retained as neighbors. When both the low and high centers that are in

the neighborhood have been found, they are stored for use by subroutine

DIFFER. The results can be listed by having LWRIT > 2.

DIFFER

For each neighborhood the distance from the current (primary) node

is calculated and stored. The DIST array retains the distances for low

centers in the first column and the high centers in the second column.

The minimum and maximum distance and elevation are found while the

distance between node points is calculated. Once these values are ob-

tained they are sorted in ascending order by distance. A value of

LWRIT > 2 will allow the printing of these results. The routine then

completes the calculation of the exposure value for these nodes using the

values stored by RADIAL.

RITE

This routine will write several of the large arrays to temporary

storage if there are more values than the arrays can handle. These data

are then read back into the program as needed on top of those values no

longer needed.

SAVE

This routine will save the route and linkage arrays for plotting.

A TAPE 7 is set up to store the data in a format for plotting the X-Y

. .. ....... . . ..A
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coordinates of the nodes. The routine can be easily modified to write

any data that should be retained.

WRLINK

After the route has been found, this routine will list the linkage

information used in constructing the route. Listed are the arrays, the

pointers and nodes with their exposure values.

]'
1*
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Arrays in COMMON

IDATA(I,J,K) This array contains terrain elevation values.
It is a three dimensional array where the
index K indicates the map sheets. The initial
values are reassigned based on the equation
given in section 4.2

LOWCEN(I,J,K) The X, Y and Z coordinate of the low elevation
nodes are stored in this array. Index 1 con-
tains the Y value, J contains the X value,
and K contains the Z value.

HICEN(I,J,K) This array is just like LOWCEN except it contains
the X, Y and Z coordinate of the high elevation
nodes.

IPOINT(I) This array is used throughout the model to store
pointers.

ISET(I) The row and column indexes of each cluster member
are packed into this array. The first time used
it contains low elevation points. The second
time it contains the high elevation points.

MSET(I) This array stores the high elevation cluster
members for use by ISET.

CEROID(X,Y,Z) As the centers for the low and high centers are
being calculated CEROID is used to temporarily
store them before placing them in either LOWCEN
or HICEN.

ISITE(I,J,K) The location of the sensors are stored in this
array. Up to 10 sensors can be used as cur-
rently dimensioned.

INITIAL(I) The location of the starting point for the route
is entered into this array.

LAST(I) The terminal point for the route is stored in
this array.

LINK(I) This array contains the pointers to the entries
of LINKTO. The value in location I gives the
beginning of the node list in LINKTO that is
associated with node I of array FROM.
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LINKTO(I,J,K) This array has the node number of the nodes
linked to node I of FROM. J is the exposure
value of that node and K is the weighted ex-
posure value.

FROM(I) The route nodes are stored in order of occurence
in this array. If I is the tenth entry then
this node number is the tenth rFde of the route.

TO(I,J) The first entry I contains the node that is
reached from the FROM() node. The value stored
in J is the weighted exposure for the node
traveled to FROM(I).

DETLO(I) The visibility value for a low elevation node is
stored in this array.

DETHI(I) The visibility value for a high elevation node is
contained in this array.

DIST(I,J) The distance between a primary route node and the
neighborhood nodes are stored in DIST. The I
value is for low elevation nodes and the J
value is for high elevation nodes.

SYSR(1) This array has the weapon system kill radius
in km. This value is converted to the units
used by the model. If the first value is zero,
then radar avoidance weighting is not used.

SR(I,J) The range between the current node and the sensor,
the angle to the sensor and the angle of cover-
age are stored in this array. This information
is used for the radar avoidance weighting.

Arrays not in COMMON

MPOINT(I) For small lists which need pointers this array
is set equivalent to the last part of IPOINT
to save core storage. This array is used in
several subroutines in this manner.

IFINISH(1) To keep up with the progress of the LOS cal-
culations in RADIAL, this array has the bits
of an array element set to one as each node-
sensor pair is completed. The zero through
nine bit are used for low elevation nodes
and up to 10 sensors. The ten through nine-
teen bit are used for high elevation nodes.

NLIST(1) After the route is found, the smoothing routine
stores the modified route in this array.

...........
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Variables in COMMON

JSTRIP The current map sheet that is being used by the
model.

KCET The number of clusters that are found is stored
in this variable until it can be added to either
NLOW or NHI depending on whether it is low or
high elevation clusters.

NLOW This variable is the total number of low elevation
nodes found plus the initial and final route
nodes.

NHI The total number of high elevation nodes found
is stored in this variable.

SMAX As the node-sensor combinations are being processed
the maximum distance is checked. If a distance
is found which is greater than SMAX then the
new value is assigned to SMAX.

NBLKS This variable is the number of data blocks written
on to temporary storage.

LWRIT This variable is used to obtain detail data on
the operations of the model. It is mainly
used for checking results. IF LWRIT > 5 then
everything is printed. As this variable in-
creases in value the amount of printing de-
creases. A value over 3 turns off the detail
printing.

LDEBG To debug the clustering portion of the model this
variable can be set 1.

LALT The minimum elevation for the map sheet currently

being used.

HALT The maximum elevation for the current map sheet.

LH If LH is set to 1 then low elevation points are
being processed. IF LH is 2 then high elevation
points are being processed.

SENALT The altitude of the sensor above local terrain is
entered in this variable.

VEHALT The vehicle altitude it will be flying above local
terrain. Can be used for a ground vehicle by
setting it to zero.

NSITE The number of sensors that are located in the area
of interest. A maximum of ten can currently be
used.

...................
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RE This variable is the radius of the earth for use
in the LOS calculations to allow for earth cur-
vature.

MDIM This variable is the number of data points in the
terrain data array. It is now set for a 15 by
15 array.

GRID The grid interval (in meters) between the terrain
data points. From this research the grid inter-
val was 70 meters.

SWEA The easting of the southwest corner of the terrain

area being analyzed.

SWNR The northing of the southwest corner.

LTRS The UTM letter designation for the grid zone of
the southwest corner.

IRADUS The radius value to be used to determine a neigh-
borhood of nodes. A value of 15 (1 km) is
currently being used.

LNEBR The number of low elevation nodes within the
neighborhood for the current route node being
evaluated.

KNEBR The number of high elevation nodes within the
neighborhood.

IROW The row value (y-axis) of the current route node
being evaluated.

JCOL The column (x-axis) of the current route node
being evaluated.

KFIRST The location of the initial route node within the
LOWCEN array.

KLAST The location of the terminal or destination node
within the LOWCEN array.

IC The number of nodes that the route passes through.

IFREE The total number of linkages that were found as
the route was being developed.

RANGE The range at which the weighting scheme narrows
the search area down. When the terminal point
is within I km of the current position the
field of view is narrowed down to 900. Node
points outside these parameters have a higher
weight assigned to them.

i

- . . . m2~'
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MNAT The maximum number of terrain data arrays in
the north-south direction is assigned this
variable.

ISTRIP This variable is set equal to the number of
map sheets being used.

JMAT The current array within a map sheet that is
being used by the model.

RATE The distance between terrain points in the data
base that are being used. In this research
every data point is used thus RATE is set to one.
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Subroutine RADIAL Variables

NORTH These variables are the map sheet boundaries and
SOUTH the names correspond to the boundary edge.
EAST
WEST

ZLURVE This parameter is a logical value that be
set if curvature of the earth is used for LOS
calculations.

DZ The amount of curvature that is present when
correcting for earth curvature.

XSIT,XP These variables are the X, Y and Z coordinates
YSIT,YP of the sensor that is currently being used in
ZSIT,ZP 'the LOS calculations. The KSIT value is the
KSIT integer value of XSIT.

XSl These variables are the X, Y and Z coordinates
YSI of the current node being processed by RADIAL.
ZSl The KSI is the integer value of XSI.
KS1

XSP The difference between the sensor and node are
YSP found for each coordinate and stored in these
ZSP variables.

OlS This variable is the vector distance between the
RMAX sensor and node in the X-Y plane. RMAX is

set equivalent to DIS.

R This variable is the vector distance from the
node to the terrain point in the data base
that LOS is being checked.

TM The tangent to the eastern point from the hori-
zontal is stored in this variable.

T The tangent to the terrain is calculated and
stored in variable for comparison with TM.

YWEST The Y component of the tangent T on the west
map edge is contained in this variable to
correct for vector crossing map sheets.

Z The elevation of the current terrain point
being checked for masking is assigned to
this variable.
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XSIN The sine of the azimuth angle measured clockwise
from north for the node-sensor vector is stored
in this variable.

YCOS This variable is the cosine of the azimuth angle.

ZNORTH These variables are logicals to indicate whether
ZSOUTH the vector is heading north or south.

NAR This variable is the array within the map sheet
where the terrain point is located.

X,IX These variables are the x coordinate for the
current terrain point.

Y,JY These variables are the y coordinate for the
current terrain point.

IDX,JDY These variables are the increment in X and Y
respectively.

IFIN This variable is used to check for completion of
a sensor-node pair.

IEXP The sensor bit in IFINISH is set by using the
exponent of 2 corresponding to the bit location
in the computer word.

RTOD This variable is the number of radians to degrees.

EAST] The easting and northing of the beginning of a
NORTHI route segment or path leg along the route.

EAST2 The easting and northing of the end node of the
NORTH2 route segment that begins at EASTI,NORTHI.

Subroutine DIFFER Variables

DMIN The minimum distance between any node in the
neighborhood of the current route node being
processed.

DMAX The maximum distance between any node in the
neighborhood of the current route node being
evaluated,

DRANG The difference between DMAX and DMIN is assigned
this variable.

KZMIN The minimum elevation for any node in the neigh-
borhood for the route node being evaluated.

kU VIA
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KZMAX The maximum elevation for any node in the neigh-
borhood for the route node being evaluated.

KZRANG The difference of KZMAX less KZMIN is assigned
this variable.

Subroutine LINKAGE Variables

NWEIG This variable is the weight a node point has
because of its location with respect to the
current route node.

IFLAG If the procedure cannot find any node points
in a neighborhood of a route point, the recti-
linear distance for a neighborhood is doubled.
IFLAG is then set to -1 and the model stops
if no nodes still cannot be found.

NPEN This variable is the weight exposure value the
penalty function calculates for the node in
the neighborhood.

LPEN This variable is used to store the current mini-
mum NPEN that has been found.

NEWPT The node in the neighborhood with the current
minimum exposure is assigned to NEWPT.

XI,Ix The X coordinate difference between the route
node and the neighborhood node is stored in
these variables.

YJ,JY The Y coordinate difference for the same two
nodes as XI above.

KANG The angle at which the terminal node lies from
the current route node is measured from the
x-axis and assigned to KANG.

IANG This angle is the direction of a neighborhood
node from the route node.

IAK This angle is the difference between KANG and
IANG.

RANG The range from the route node to the terminal
node is stored in this variable.

RA This range is from the route node to the neigh-
borhood node.
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FORTRAN LISTING
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PROGRAM SEARCH(CINPLT=/80,OLTPUT=/137, TAPE5=INPUT,
I TAPE 6:OUTPU79 TAPE7 ,TAPE89TAPE7)
COMrON/ICAT/ KMAT91STRIPsIDATA(15,1 910)
CCMMON/LCENT/ L0WCEN(250,3)HICEN(250,9 ),KCETNLOWN-1,
1 SFMAXtLWRI ToLDEBGqJMATgJSTRIPoLH
COMMON/POINT/ INITIAL(3) ,LAST('3),IPOINJ(2E0),
1 ISFT(250) .MSET (250),CEROIC(25093)
COMMON/SENVE-/ LALTI-ALTSENALTVE-ALT, IFREEgGRIC,

1 SWEAtSivNRLTRS
COMMON/SRAD/ RANGEREMDIMRATENSITE ,ISITE(10,3) ,SYSR(10)
INTEGER I-ALTCERCTCHICENGR IOSWEA.SWNRSAVETP
INTEGER SENALTVEHALT
DATA INTKMATISTRIPGR1D ,RANGE/1O,1091097014.3/
DATA KCETLWRITLDEEGNLO0 ,NHI/O,1 ,1909O/

C
C **Kt4AT IS SET UP FCR 10 ARRAYS WITHI' A STRIP OF DATA *

C '*ISTRIP IS SET UP FOR 10 STRIPS '

C
NSITE=Z
LWRIT =
LOEBG =1

C "*READ INPUT CATA .

READ (5990) ISTRIPKMATSAVETPLWR ITLCEFG
READ (5,901) INT9GR I09LTRSqSWEAqSWKR
READ (59gC2) SENALTVE 4NLT,1RAOUSRANGERERAJE?'DIM
READ (5,5903) INITIAL(2),INITIAL(1 ),IITIAL(3)
READ(59903) LASTC2) ,LAST (1) LAST(3)
FEAD(59904) KSITE
IF(NSITE *GT* 10) GO TO 1200

100 DO 125 I1,NSITE
READ(5,903) ISITECI,2),ISITE( I,1),!SITE(I,3)
REAOC59905) SYSRCI)

125 SYSR(I) =SYSR(I)*lCO~oO/GRID
C

WRITE (6,C1O)
CC 1000 ~JK=191STRIP
,JSTRIP = :
CALL INDATA

C
C **GROUP DATA INTC ALTITUDE BANDS
C T. NT IS THE BAND INTERVAL
C a.JMAT IS THE MATRIX BEING SUBDIVIDED FCR ANALYSIS '

C
00 660 I1915
00 660 J=191!

CO 66 K=19KMAT

C '"FIND THE LOCATION OF THE SENSCRS IN THE TERRAIN DATA a

C



159

DO 700 I=l,NSITE
ICOL = K*l5
NX =ISITE(I92)
IF(NX oGT* ICCL) GO TO 700
ICOL =(JK-1)*15
IF'(NX *LT* ICOL) GC TO 700

NX=NX-(JK-1)*15
NY =ISITE(Iol)
NZ =(NY-1)/15

NY=NY-NZ*15
ikZ= NZ~1
ISITE(I,3) =IDATA(NYvNX9NZ)

7C0 CONTINUE
IF (LWRIT *LE& 4) GO TO 675
00 501 K=19KVAT
WRITEC6t9l1)

501 hRITE(69912) ((IDATA (IJ*K)9J=1q15)vI=115)

C P* INALT FINCS FIN AND MAX ELEVATION IN EACl- ARRAY t

C H'~ ILCELV CVERSEE TI-E CLUSTERING OF ELEVATICN EANDS '

C
675 00 800 JJ=19KMAT

JMAT =JJ
IC:1
I K =
CALL MINALT (IC, 1K)
CALL HILCELV(lCgIKgl)
IF(IC .EG. 225) GO TO BOO
CALL HILOELY (IKI'(,2)

PC0 CCKTINUE
1000 CCNTINUE

6RITE(69910)
6RITE(69915) ISTRIPvKMATSAVETPoLWR ITqLDEEG
WRITF (6i516) INT ,GRIC ,LTRSqS'WEAjSNR
6RITE( 69917) SENALTVEHALT, IRADUSRAGERERATEMOIM
6RITEU69S18) INITIAL(2,tINITIALU ),INjT1AL(3)
WRITE(69919) LAST(2) ,LAST(1),LAST(3)

DO 1100 I=1,NSITE
1100 WRITE(6,c,20) ISITE(I,2),ISITE(I,1),ISITE(I ,3),SYSR( I)

CALL LINKAGE
IF(SAVFTP o')Te 0) CALL SAVE
STOP

1200 WRITEC69914) NSITE
NSITE =10
C-C TO 1%C

C
900 FCRMAT(515)
9C1 FCAMAT (215910X9A29214)
902 FCRMAT(3I593Fl0*3, I5)
903 FORMAT('3I10)
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904. FORHAT(15)
905 FORMATCF10*2)
910 FORMAT(1-l)
911 FORMAT( /lOX9'ALT ITUDE ARRAY*/)
912 FORPAT(15C1X916))
913 FORMAT (20X,*SEhSOR LOCATION*/24x,*X*,7X, *Y* ,7X ,*Z*,

1 7X9*SYS R*)
914. FORMAATC/////5X9*NUNBER OF SITES GREATER THAN 10 -*916/

1 6X,*NSITE SET TO 10*)
515 FORMAT(//20X9*INPUT DATA*/20X9*ISTRIP KMAT SAVETP *9

I *LWRIT LCEFBG*/ 20X95(I5,1X))
916 FCRMAT(/20X,*IKT GRID LTRS SWEA SWNR*/

1 20Xv2(I5,1X)qA292(lX, I5))
917 FORMAT(/20X9*SENALT VEHALT IRADUS RANGE RE*91OXs

1 *RATE MDIM*/20X,3(15,1X),F8.3,1XFlO.2,1XF8.3,1X, 18)
918 FORMAT(/2OX9*INITIAL POINT ON ROLTE - XYvZ*/

1 20X93(1692X))
919 FORMATC/20X9*CESTINATION POINT F'CR RCUTE -XYoZ*/

1 20X93(!692X))
920 FORMAT(20X93(I5v3X) ,F1O.!)

END
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CSUBROUTINE HILOELV( ICtIK, ILO)

C **THIS SUBROUTINE CONTROLS HIGH/L0O. CLUSTERING *

C **IC IS THE hUtJ6ER CF PEPEERS IN L06CEN *

C I. 1K IS THE NUPBER CF PEMEERS IN HICEN
C **LOWCEN CONTAINS THE LOW ELEVATION CENTROIES *

C **~HICEN CONTAINS THE HIGH ELEVATION CENTRCICS *

C *'NLOW IS THE NUMBER OF LOWCEN CENTROIDS *

C **NHI IS THE NLYEER CF HICEN CENTRCICS *

C **KCET IS CURRENT COUNT OF CLUSTER MEMBERSFIP *

C
CCMMON/ICAT/ KMATqISTR IP, IOATA(159It,10)
COMMON/LCENT/ LCWCEN(25093),HIlCEN(25093) ,KCETNLOWNHI,
1 SMAXqLWRIT*LDEBGs)MAT ,JSTRIPLF
COMMON/POINT/ INITIAL(3) ,LAST (3) ,IPOINT(250),
1 ISETC2 -C) ,MSET(2E0),CEROID(25093)
COMMON/SENVEH/ LALTHALTSENALTVEHALT ,IFREEGRID,
I SWEAqSWNR9LTRS
INTEGER HALTCERCIDHICEN

C
IF(ILC *EE. 2) GO TO 20

C **PROCESS LOWCEN *

C *'IF IC:! ONLY CNE VALUE WAS FOUNOR MEMBERSHIP
C ''IF IC=225 THEN ALL THE ELEVATION VALLES ARE THE SAME *

C *.THE SAME LOGIC IS USED FOR IK
C

1F
IFCIC *EC. 1) Go TO 500
IFCIC .Eco 225) GO TO 550
CALL CLUST(IC)
CGC TO 610

00 IPCINT(1) =1
GO To 600

550 TPOINT(1) =113
600 CALL CALCEN~l)
610 CONTINUE

C
C ** STORE NE6 PEPeERS *

DO 625 L=1,'(CET
LOWCEN(NLOW'Lgl) = CEROIC(Lgl)
LOWCEN(NLOW.L92) = CEROIC(L92)

625 LOhCEN(NLQW+L,3) = CEROIC(L,3)
NLOW = NLOW+KCET
KCET = C
CC 650 L=19250
ISET(L) =

650 JPOINT(L)
RETURN

C
C P* ROCESS -ICEN
C
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20 LHi 2
00 100 I=11K

100 ISET(I) = SET(I)
IF(IK .EG. 1) GO TC '700
IF(IK .EQ. 225) GO TC 750
CALL CLUST(IK)
GO TC 810

700 IPOINT(l) = 1
GO TO 800

750 IPOINT1l 113
PCO CALL CALCEN(1)

810 CONTINUE
*C TR E~MMES '

D**SOR N25 MEMBERST
00E(,.IL1 825ROIO(L,1)
tHICENCNIHI.Lsl) =CEROID(L,2)

82 IICEN(NIIgL92) =CEROIDOL93)
825HICEWIL3 = CE1eKCET

KCET 0'-+K
DCE 80 L,~
DOS8TCL=190t

8CISOIT(L) = 0
RE CIPITURN

END
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SUBROUTIN~E INCATA
COMMCN/ IDAT/ K!'AT, ISTRIP, ICATA (15,15,10)

COMMON/LCENT/LOCEN25093)IEN(25093 ) KCETt'LOWNI-I,

INTEGER H~ALT
C
C **READ INPUT TERRAIN DATA *

C
READ(S) LALTIHALT
CO 600 IMAT=1,KMAT

- - -O0 READ(8) (C IDATA(IRCWICOLIMAT),IROW=1915.),ICOL=1915)
RETURN
END



164

SUBRCUTINE MIKALT CIC*IK)
C
C '*TI-IS SUBROUTINE FINDS THE MIN AND MAX ELEVATION '

C ''BANDS IN EACI- %;PAT ARRAY OF IDATA* IVAL IS THE *

C '*ARRAY ELEMENT THAT IS BEING CHECKED FOR MIN/MAX *

C
COMMON~/LCENT/ LC6CEN(25O,3),HICEN(2509 !) ,KCETNLC~,N-I,
1 SMAXgLWRIT ,LDEBGgJP!ATsJSTRIPoLH
COMMON/POINT/ INITIAL(3)qLAST(3) ,IPCINT (25 C),

1 ISET(250),MSET(250) ,CEROID(25093)
COMMON/IDAT/ KMATISTRIPIDATA (1591591O)
INTEGER CEROIC,9-ICEN

C
CC 5 I19250
KSET(I) =0

5 1ISET( I) =0
20 1FF = 1

IL =1
JF = I
JL = :

6CC MIN VAL =9999
M4AX VAL = 559qg

C
C **FOR IVAL
C **A POSITIVE VALLE IKDICATES IVAL OUTSIDE CLUSTER *

C **A ZERO VALUE - IVAL IN CLUSTER
C *.A NEGATIVE VALLE INDICATES A NE6 CLUSTER *

C
CC 800 I=IFF9IL
CC 800 JJF,.jL
IVAL:IDATA(IqUJJvAT)
IFCIVAL - MIK VAL) 70097tO9625

625 IF(MAX VAL - IVAL) 6EO,660,0O0
C
C ''STORE INCICES FOR I AND J WITH' mAYIMAL VALUE IN MSET *

C I K IS A COUNT OF THE VALuES FOUND
C

*650 1XK 0
MAX VAL = IVAL

660 IK =IKel
MSET(IK) = 1*100+j
GO TO SCC

C
C .'STORE INDICES FOR I AND J WITH MINIM~AL V4LUE IN ISET *

C '*IC IS A COUNT OF TH9E VALUES FOUND
C

700 IC:O
MIN: VAL =IVAL

750 IC = IC~j
ISET(IC) I'100+j

SCO CCNTINUE
RETURN
END
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SUFROUT INE CLUST (IC)
COMMON/LCENT/ LOw~CEN(25093) ,HICEN(25093) ,KCETNLOWNrI,
1 SMAX ,LWR IT ,LDEFGUMATUSTRIPLt-
COMMON/PCINT/ INITIAL (3) ,LAST(3), IPCINT(2b0) ,

1 ISET(250) ,MSET(2 5 0) ,CEROIC (25093)
INTEGER CEROI09HICEN

C* PITSC~TEIDXO STFRTECrRN LSE
C **TIjIS SUFROUTINE FINDS THE MENBERS CF EAC- CLUSTER

C IITH EIKNOFTHE IE LSE
C J IS THE CURRENT VALUE IN ISET SEING EVALUATED
C **FOR INCLUSION IN THE CLUSTER *

C
It

30 K1l
IPOINT (1)=I

35 Uj = I1
40 IVAL =ISET(ul)-ISET(I)
52 IFC(IVAL.Elr.1o).CR.(IVAL.EC.95).OF.( IVAL.EC.100).CR*

1 tIVAL.EC.1C1)) GO TO 60

C *** TRUE - INCREMENT I *4

IF(IVAL .GT. iCi) GO TO 54

C[
C *** TRUE - i TS PAST LAST ENTRY *

IF(IVAL .LE. 0) GO TO F2

IF( U .GT. (1+16)) GC TO 70
GO TC 4C

5'. IF((I.1) *E4-. J) GO TO 85

C
C *** PLACE IVAL INTC CLUSTER USING ITS IEX *

C
6D DC 62 L=19K
62 IF(IPOINT(L) .EC. J) GO TO 64

K =K.1
IPOIKT(K)

64 %+
GO TC 4C

C
C *** NO CHANGE IN K INDICATES THAT NO NEw MEMEERS EXIST *

70 IF(K oEC. 1) GO TO 75
I =1I1
GO TO 35

.4 C

C *** ISOLATED POINT *

75 CALL CALCEN(1)
I = I-0
IF(I .GT. IC) RETURN
GO TC 3C

. .... .. .* . 1
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E2 IF((I.1) .LT. IC) GO TO F4
OC 83 L=19K

F3 IF(IPCINT(L) .EQ. (J-1)) GC TO 90
1 1+1
IF(I *GTs IC) GO TO 90
G~O TO 35

4+ 1 1
GO TO 3

65 CALL CALCEN(K)
I = +
GO TO 30

C
C *** END CLUSTER *

90 CALL CALCEN(K

RETURN
END
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SUEROUTINE CALCEN (K)
C
C CETERMINE THE CENIRCID OF THE CLUSTER
C

COMMON/ICAT/ KMAT, ISTRIPiIDATA(15,15910)
COMMON/LCENT/ LC6CEN(25093) ,I-ICEN(25C,! ) KCETNLCWN-I,
I SMAXLWRI TLOEFHGJMATtdSTRIPLH-

COMMQN/POINT/ INITIAL(3)9LAST(3) ,IPCIKT(250)q
1 ISET(25' ) qMSET(25C),CERCIC(25O,3)
COMMON/SENVE-/ LALTHALT ,SENALTVEHALTIFREEGRIO,
I SWEAqSWNRqLTRS
IN~TEGER CEROICH ICENHALT

C
C INUM IS THE RCw INCEX - Y COORO *

C JNUM IS THE CCLUMN INDEX -X COORD *

CC
IIOUM 0

KCET KCET.1

C CALCULATE THE MEAN VALUES *

C C 10 0 L= 1 ,K

LL = IPCINT(L)
KDUM = ISET(LL)/1J0
JNUM =(ISET(LL) - KDUV *100) + JNUY

100 INUP = KCUM + INUM'
C
C *** THIS CALCULL:TION ACES A t-ALF TO ALL: FC; TRUNCATION *

C I
~JNUM z(2*$jLi'*)/(2*K)

IF(JNLM .GT. 15) UJ.Um-15

C
C ''NEED TO STORE WHICH ARRAY IS BEING PRCCESSED

IROW =(JMAT-1)*15+INUM
ICOL =(JSTRIP-1)*15+JNUM
CEROIO(KCET91) =IR0w
CEROID(KCET,2) =ICOL
CEROID (KCET,3) =IDATA(CINUMg~JNUMvJV~AT)
IF(LWRIT *LE* 3) GC TO 10
CALL WRITCL(K)

10 IF(LDEFG oEQ. 1) RETURN
C

WR ITEC69900 I KOUM9, STRIPJMATINLMgJNLP ,KCET,
1 CERO.ID(KCET,1) ,CEROID(KCET,2),CERC.r(KCET,3),IROWCL

9C0 FORMAT(1OX9*KCUY JSTRIP uMAT INUD JNLY*92X9
1 *KCET CEFOID(Iql)v(I92)9(I93) IROW ICOL'/

WR 1TE(6901) tKLOWNI9LALT9HALTLH

- 7.....-*22TT w
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901 FORMAT(lDX9*N~LOW k~-j LALT HALT L*
1OX95(I5,1x))

RiETURN
E ND
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SUBROUTINE O~RTCL(K)
C
C **T141S SUEROUTINE WRITES RESULTS OF CLLSTERING *

C ''LH - 1 IS LOWCENip 2 IS HICEN
C

COMMON/LCENT/ LCWCEN(250,3 ) g-ICEN (250,3) ,KCETNLOWNII
1 SMAX ,LWRI TLCEGJMAT ,USTRIPLH
COMMON/PCINT/ INITIAL (3) ,LAST (3), IPOI\T (2^50),
1 ISET(250) ,MSET(250) ,CERCO250,3)
INTEGER CEROI0,IHICEN
D~ATA NEXTgNEXTLgNEXTH-/191 ,1/
NEXT = NEXTL
IF(LI- *EC. 2) NEXT=NEXTH
WRITE (',900)

900 FCRMAT(///)
IF(LH @EC*. 1) WRITE(6,901)
IF(LH *EQ. 2) WRITE(6,502)

901 FCRMAT(//10X,'L06 ELEVATION CLUSTER*//)
9C2 FCRMAT(//10Xq*HGH ELEVATION CLUSTER*//)

R I TE (6,903) NEXTPK
6RITE (6,904) (TP0INT(I)gI=19K)

903 FCRMAT(5X**CLUSTER NLMFER *,14/
1 5X,*TOTAL MEPEERS IN CLUSTER *,13/)

9C4 FORMAT(5.~,*PCINTERS TO CLUSTER MEMEER*/1C(2X,18))
NI= IPCINT(1)
N2 =IPOJNTMK
WRITE (6,905) (ISET(I),I=N1,N2)
WRITE (6,906) NEXTCEROIO(KCET,2),CERCIO(KCET,1),
1 CEROID(KCET93)

905 FORrMAT(/rXi*FACKED CLUSTER LCCATION QCw-CCLUfMN*/10(2x9IE))
906 FORMAT( // 5X9*CENTER OF CLUSTER NUN1EER *914/

1 S-X,*X-COORO*,149* Y-COORC*v14q* Z-CCOPD*914///)
NEXT = NEXT.1
IF(LH 9E~o 1) NEXTL=NEXT
IF(LH eEQ. 2) KEXTI-= EXT
RETURN
END
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SUBROUTINE LINKAGE

C **LINKAGE ROLTINE *

C **IPCINT HAS LIST OF NEIGHEORHCOD POINTS *

C **NODE - NODE KUr'BER OF POINT BEING EVALUATED *

C KL NOW - NUMBER OF POINTS IN LOWCEN *

C '*NHI - NUMBER OF POINTS IN HICEN
C **LKEEP - POINTS IN NEIGHFCRI-OOO FOR LCWCEN *

C **KNEFIR - POINTS IN NEIGHPCRI-OOD FOR I4ICEN *

C
COMMON/LCENT/ LOWCEN(250,3) ,HICENC25093) ,KCETNLOWNK-I,
1 SMAXLWRITLDEBGqJMATJSTR IPLH
COMMON/POINT/ INITIALC3) ,LAST(3),IPCINT(250)
COMMON/SENVEhi LALTHALTSENALTVEHALT ,IFREE, GRID,

1 SWEASWNRLTRS
CCMMON/SRAD/ RANGEREMDIMRATENSITE, ISITE (10,3),SYSR (10)
CCMrPON/KINK/ LINK(250),LTNKTO(150093) ,N8LKSIC,
1 IRADLSoLNE@RKNEER
CCMMON/CET/ CETLO(250),OETHI C250),FROM(250),TO(25O,2)
CCMMON/ECGE/ OIST( 100,2) ,IRCWJCCLLSTR
DIMENSION MPCINT(125),SR(1093) ,NLIST(250)
INTEGER H-ICEN9GR ID FROMTO ,SWEA ,SWNR
INTEGER EAST1,EAST2
EQUIVALENCE (IPOINT( 126) ,MFOINT(1))
DATA IRACUS/195/
CATA CETL0,OETHI/500*0/
DATA SMAXRTCC/100 .0,57.2957795131/

KOLKS = OLDS=1
IFREE =KFIRST = KLAST 0
LTOTAL =

C OTLOWCEN AND r1ALrE -

C
CALL LHSCRT(KFIRSTKLAST)

C
C C* EVELOP NETwCRK *

C
CALL RADIAL
DC 10 1=19250
FROM( 1) =0
T0(1,1) = 0

10 T0(1,2) =0
C
C ** CONSTRUCT ROLTE *

C
15 IC 1

NODE =KFIRST
NEWPT = NOCE

C
C .*FIND KEIGHBORI-OOD ABOUT A LOW POINT *

C
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20 IROW LOI.CEN(NODEel)
JCOL =LOWCEN(NODE92)
LCWCEN(NCDE91) =-(100000.IROW)
LOWCEN(NODE92) =-(1000000+JCOL)
CALL NEIGHB(NODE)
CALL DIFFER(NODE)

C
30 FROM(IC) =NEWPT

IFCLWRIT *LE. 2) GC TO 3!
WR ITE(6,921 ) KODE#JCCL9IPOhNEWPTqLPEh9,IC

35 XI =LAST(2)-..C0L
Yo=LAST(l)-IROW

KANG =RTOD*(ATAN2(YJ*XI))
RANG =SGRT(XI**2 + Y'J**Z)
DO 50 1=1,NSITE
XI =ISITE(I,2)-JCOL
YU ISITE(T,1l)-IROW
SR(Isl) =SIXRT(xl**2 * Yv**2)
IF((XI oEG. C.0) *OR* (SRd!,1) eEG. 0)) CC TO 50
SR(192) =RrCD*(ATAN2(YJ*YI1))
SR(Iq,3) =ABS(RTSD*(ATAIK12(SYSR( I) ,SR(I 91))))

5.0 CCN'TIKUE.
C
C ** FIND MIN\ PENALTY VALUE
C **ANGLE HEADINC IS MEASURED~ FROM X-AXIS *

C **IAK ANGLE IS PEASURED FROM -EACIKG
C **THREE WEIGfrTING SCHEmES *

C '*HEADING9 RADAR AVOIW'ANCE, TERMINAL
C

LFEN =1000000
L A =LINK( IC)

LE =LINK(IC.1)-l
IF(L eLEo 0) LE=IFREE
CO 200 LL=LAgLB
NJ LINKTO(LL91)
IF(NJ 9LTe 0) GO TO 120
IX =L0h.CEN(K.J92)
JY =L0hiCEN(NJol)
G 0 TO 125

120 IX =HICEN(-KIJ92)

125 XI =IX-UCOL
Yj=JY-IRCW

RA =SGRT(XI.*2 * YJ**2)
TANG =RTCO*(ATAN2(YJgXI))
IAK =IANG-KANG
IF(IAK *GT. 180) IAK=360-IAK
IFCIAK aLT@-180) IAK=360.IAK

r.

C '" -EAGING 6EIGt-71NG *

C
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IF(RANC- .GT.RANGE) GO TO 130
C
C **TERMIKAL WJEIGI-TING
C

NWEIG =2*tIABS(IAK)/45)+l
IF(RA *GT. RAKG) NWEIG=IOC*NhWEIG
GO To 150

C
C **RADAR AYCIDArNCE 6EIGHTING *

C
130 IF(SYSR(l) 9LE. 0.0) GO TO 150

DO 135 1=lNSITE
ANG = ANG
ANG =AESCSR(I92)-ANG)
IF(AtG *GT* SR(It!)) GO 1O 135-
NWEIG =2

GO TO 150
12!5 CONTINUE
150 KFEN NWEIG'LINKT0(LL92)+NWvEIG

LINKTO(LL93) =NPEN
C

IF(LWRIT eLE. 2) GO TO 175
WRITE(6,52C) NODE*rJLALB, ICIFREERANGERANGRA
WRITE(6,524) IAK, IANC*,KANGNbEIGLPEI\,NPENXI ,YJ

175 IF(NPEN oGEo LFEN) GO TO 200
LPEN =NPEN
?EWPT =LINK(TC(LL91)

200 CCKTINUE
C

IF(LWRIT *GT. 2) WRITE(69921) N0OZE9JCCLIROW9NEWPT9LFEK9IC
IF(NEWPT .EG. KLAST) GO TO 4.75
KCDE = NEWPT
TCCIC,1) = E'6PT
T C ( IC,92) =LPEN
ic IC.1
LTOTAL =LTOTAL*LPEN
IF(IC eGE. 1950) CALL RITE
IF(IFREE 9GE. 1POO) CALL RITE
IFCNOCE *LT. 0) GO TC 4.00
GO TO 2.'

C
C ** FIND KEIGIHECRI-00D ABOUT A -IGrl PCINT '

C
400 NODE =-NEWFT

IROW = HICEN(NODE91)
JCOL = HICEN(NOCE92)
tJCEN(NODE91) =-(1000000+IROW)
PICEN(NOCE,2) =-(1000000+JCOL)
CALL NEIGHE(NCCE)
CALL OIFFER(RCCE)
GC TO 3C

...... . .....
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450 IF(IFLAG .EQo -1) GC TO 475
IFLAG, =-1
IRADUS =2*IPACLS
GO TO 15

475 TOCIC,!) =NEWPT
TO(IC,2) =LPEN

C
C *** CHECK FOR DATA BLOCKS wRITTEN TO WORKING STORAGE *

IF(N2LKS *GI. 1) GO TO 700
C
C ** REMOVE LARGE NEGATIVE VALUE FROM ROUTE NOCES *

C
4 F0 DO 500 I119C

NN =FROPUI)
IF(NN eLT* 0) GO TC 485
LCWCEN(NN91) =-(LCWCENU(.N9I)4100O00)
LChJCEN(NN,2) =-(LCWCENNN24l1000ooo)
GO TO 500

4P5 NN =-NN
HICEN(Nkgl) =-(HICEN(r-.,1) 410000C0)
hICEN(NN92) =-(HICENeJNN,2) 41000000)

5CO CONTINUE
C
C *** ivRITE NOCE PCINTS OF THE ROUTE '

C
LL =0

6ITE (6,910)
DO 650 1=191C
LL =LL+I
NODi FROM(I)
KCC2 =TC(I,1)
IF(NOD1 eLT* 0) GO TO c-90
NCRTH1 =GRIC*LOWCEN(NCCI1,1)*SWNR
EAST1 GRlC*LO6CEN(NCD1921.SWEA
IF(NOD2 *LT* 0) GO TO 575

525 NORTH2 =GRIC*LO6CEN(NOD2,1)+SWNRI
EAST2 =GRIC'L0OCEN(NCO292)+SWEA
GO TO 600

550 NOD1 -N~OO1
kORTH1 GRIC*HICEN(NO0l1),SWNR
EASTI= GRIC*HICFNCNOO192),S4EA
IFCNOC2 .GT* 0) GO TO 525

r75 NOD2 =--O
NORTH2 XGRIC*HICEN~(NO21)*SWNR
EAST2 =GRJC*HICEN(NOD292)*SWEA

600 WRITE(6,911) FROM(I )9EAST19NORTH1,TC(191)v
I TO (I 2 ,E AST2 ,NORTH2

IF(LL eLE. 2S) GO TO 65C
WRITE (6,510)
LL =0

65bi CONTINUE
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WuRITE (69512) LTRSqSWEASLVNRLTOTAL
CALL WRLINK
ICK =IC-1
LA =
K = I
CC O 1=19ICK
IF(K eGF* IC) GC TO 850

LA =LA~li
NJ FPO!'(K)

NN = TC(Kil)
NLIST(LA) = NJ
IFCNJ *LTe 0) 6O TO 670
JCOL =LCWCEN(Nu,2)
IROW =LCWCEN(K~J91)
GC TO 675

670 JCOL =HICEN(-K%.'2)
IROW = ICEN(-NJ91)

675 IF(NN *LT. a) GO TC 680
Ix = LCWCEN(N2)

Jy =LOWCEN(NFNi)
GO TO 685

680 Ix = ICEN(-FN,2)
JY = HICENC-NN91)

685 XI =IY-JCCL
yJ =JY-IRCk.

CISA = SGRT(XI**2 + YJ**2)
K =K~l
L L =K
CO 800 J=LLIC

K T C(J , 1
IF(NJ *LT* 0) GO TO 690
IX LCWCEN(PvJ92)
dv LCWCEN(NJ91)
GO TO 695

690 Ix IHICEN(-NJ92)
Jy HICEN(-Njgl)

655 XI IX-JCCL
Y.J JY-IROW
DISB =SQRT(XI**2 4 YJ**2)
IF(DISe .GT. DISA) GO TO 80C

K =J4i

CISA DISB
e C0 CCNTINUE

I =ICK*i
LA =LA.1
rLIST(LA) =FROMMI

P50 CONTINUE
KLIST(LA+1) 2TO(IC9i)
WRITE (6,515)
00 E75 j=1,LA

C875 WRITEC69916) KLIST(J)vNLISTI(jl)

C *
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IFCNBLKS *LT. CLCE) GO TO 710
RFTURN

700 CALL RITE
GLOB = NFLKS-1
REWIND 9

710 READ(9) NBLKSIFREEIC
READ(S) (FROM( I)97=1,IC)

READ(9) (LINKCI )9I11IC)

GO TO 4E80
C

910 FORMATC1~l//////3OXs*TASLE NODE LINKAGE FOR ROLTE*//
1 19X ,*FRCM*,4 X,*EASTING*,2X,*NORTHINC*,
2 6X ,*TO*,4x,*PENALTY*,3X,*EASTING*,2X,*NORTHING*/)

911 FORMAT(lBX,15,2X,2(19,1X),2X, 15,2X,3(IS,1X))
912 FCRMAT( //19X,*SOUTHWEST CORNER *,A2,214//

1 110xv*TOTAL PENALTY*/11OX,*RUNNING TOTAL*/11OXI12)
915 FCRMAT(!Hl//////30X**TABLE MOCIFIED ROUTE*//

1 37xo*FROtM*95X9*TO*/)
916 FCRPMAT(36XI5,2X, IS)
920 FCRMAT(/6X,.NODE NJ LA LE IC IFREE RANGE*,

1 6X**RANG RA*/5X96(1491X)93(FB.391X))
921 FOMT10gNC X-CRC Y-CRD*/10X,3( 14,1X)/1OX,'NEWPT',

I 2Xt*LPEN IC*/10XI'*,1XI1091XvI4)
924 FCRP'AT( PX9*IAK TANG KANG NWEIS LFEN*q

*1 1 7X9*NPEN*t 5X,*XI*910X,*Yj*/
1 5X,15,1X,15,1X,15,1X,15,1X, I10,1X, I102(FlC.4,1X) )
ED
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SUBROUTINE LHSORTCKFIRSTKLAST)
C
C *'THIS SUBROUTINE SORTS LOWCEN AND HICEN ~
C **IN ASCENDING ORDER BY ROWS
C

CCMMON/LCENT/ LOP6CEN(25O,3) ,I-ICEN(250,9 ) KCETNLCWPd-J,
1 SMAXLWRI TLOEBGJMATJSTRIPLH
COMMON/POINT/ INITIAL(3) ,LAST(3) ,IPOINTC25D)
INTEGER HICEK

C
NLOW =NLOW.1
LOWCEN(NLOW91) =INITIAL(1)
LOhICEF'NLOW,2) :-INITIAL(2) *LAST (2)
LOWCEN(NLOW93) =INITIAL(3)
NLOW =NLOWe1
LOWCEN(NLOW,1) =LAST(1)
LOWCEK(NLO694') :-LASTC2)
LOWCEK(NLCW,!) LAST(3)

C
C * LOWCEN *

C
KK=NL~w-1

DO 10 J=19KK

DO IC I=J.NLOW
IF(LOWCENCJo1) *LEe LOWCEN(It1)) GC TO 10

ISI= LOWdCEN(Jol)
IS2 = LOhiCENC.J92)
1S3 =LOU.CEN(..93)
LOWCEN(Jtl) =LChiCEN(Itl)
LOWCEN(J92) =LCWCEN1192)
LOWCEN(J93) =LOhICEN(I,3)
LOWCEN(I,1) =151
LOWCEN(192) = S2
LOWCEK(I,3) = IS!

10 CONTINUE
C

IS2 = -INITIAL(2)*LAST(2)
00 15 I=1,NLCW
IF(LOWCENCI,2) *GT* 0) GO TO 15
IFCLOWCENC192) .E(Q. IS2) KFIRST=I
IF(LOWCEN(I,2) *EQ* -LASTC2)) KLAST=I

15 CONTINUE
WRITE(69907) INITIAL(2),LAST(2),IS2,LOWiCEN(KFIRST,2),
1 LOWCEN(KLAST,2),KFIRST,9(LAST

907 FORMAT(/ 2X, *INITIAL*,2X,.LAST*,4XIt1S2*,6X,*LOWCEN-1.,
I 2x,,LOWCEN-L*,2X,*KFIRST*,3x,*KLAST*/2x,7( I6g2X))
LOtWCEN(KFIRS1,2) = INITIAL(?)
LOWCEN(KLAST,2) =LAST(2)
WRITE(69906)
oR ITE (6,900)
9(1 0
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DO 20 I=19NLCW910
KK =1-1+10
IF(KK .GT* NLCW) KK=NLOW
KL =KL.1
WRITE(6,501) (L0WCENI(J,2) ,J=IKK)
WRITE (6,902) (LO'bCEl(J,1) ,J=1 KK)
WRITEC69903) (LOWCEN(J,3) gJJ ,iK)
IFCKL eLEe 7) GO TO 20
WRITE (6,906)
6RIYE (6,900)
KL = 0

20 CONTINUE
WRITE(69904) NLOW

C
C *'HICEN *

C
KK =NtlI-1
DO 30 J19KK

CO 30 I=JJN-I
IF(HICEN(J,1) .LEe HICEN(Io1)) GO TO 30

IS2 =HICEN(,92)

HICEN(J,2) =HICEN(192)
HICENCJ,5) =HICEN(1,3)

tHICENAI93) = S3
3C CONTINUE

C
WRITE (6,906)
WRITE(6v505)
KL =0
DO 40 I11NHI,10
KK =1-1410
IF(KK oGY. N~I1) KK=NHI
KL = KL.1

WRITE (6,502) (IICEK(J,1)qJ=IKK)

WRITE(69903) CHICEN(j,3),J=19KK)
IF(KL *LE. 7) GO TO 40
WRITE (6, 906)
6RITE (6 9905)
KL =0

40 CONTINUE
WRITE(69904) N1I
WRITE (6,906)

C
900 FORMAT(//////*OX9*TABLE LOw ELEVA7ION NODE POINTS*//)
901 FORMAT(1,8Xo*X-COCRCINATE *91017)

LI
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902 FORFMAT( 18X9*Y-COCRD INATE *91017)
903 FORMAT(lgXg*Z-COORCINATE *91017/)
904 FORMATC//18X,**UMBER OF NODES *,15)
905 FORVAT(//////d.0X9*TAaLE HIIGH ELEVATION NODE POIKTS*//)
9506 FORMAT(lI-l)

RETURN

END

IJ
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SUBROUTINE NEIGHB(NODE)

C **IROW IS ROW INDEX CY-COORD) BEING EVALLATED *

C **JCOL IS COLUMN INDEX (X-COORC) *

C *'NODE LOCATION CLRRENTLY BEING PRCCESSEC *

C
COMMON/LCENT/ LCWCENC25O,3) ,HICENC25O,3) ,KCETNLOWNHI,

1 SMAXLWR ITgLDEEGvJMAT ,JSTRIPL-
COMMON/POINTi INITIAL(3) ,LAST(3) ,1POINT(250)
COMMCK/SENVE-/ LALTHALTSENALTVE-ALT ,IFREEGRID,

1 SWEA9SWNRLTRS
COMMON/KINK/ LINK C250)sLINKTO( 1500,3) sNELKSIC,

1 IRADUSLNEERKNEBR
COMMON/EDGE/ DIST(10092) ,IROWJCOLLSTR
DIMENSION MPOINT(125)
INTEGER HICEK
EQUIVALENCE (IPCINT(12ShtMPCINT(fl))

C
IRAC =IRADUS

1 C L A =IROW-IPAD
IF(LA sLEe 0) LA:1

L8 =IROW+IRAC
C
C **IBEG IS THE INCEX VALUE WHERE LA = RCW NUMBER
C * I ENC IS THE INCEX VALUE WHERE LE.1 ROW b *

C **IFOINT HAS INCEX VALUE OF LOWCEN FOR NEIGt-BCRHCOC *

C **TH-IS RESTRICTS THE SEARCH TO ONLY THCSE RCWS *

C *'TIHAT ARE NEAR THE "NODE" *

C
CC 100 I=19NLC%
k.ROW = LC.WCE.NCIvl)
IF(NROW *LT* LA) GO TO 100
IEEG =I
GC TO 101

100 CCNTINUE
101 CC 102 I=IBEGNLOW

NROW =LOWCEN(191)
IF(NROW *LT* LP) GO TO 102
IEND =I
CC TO 103'

102 CONTINUE
C
C *** FIND THE NEIGHBORHOOD OF LOW ELEVATION POINTS *

C
103 LNEBR =0

DO 104 I=IBEGIEND
IF(LO6CENCIvl) aLTe-1000000) GC TO lt'.
LDIFF =IABS(LOWCEK(I,1)-IR0b.)
IF(LDIFF 9GT. IRAD) GO TO 104
LCIFF = IABSCL06CEN(192)-JCOL)
IF(LDIFF *GT. IRAD) GO TO 104
LNEBR LNEBR.1

4. - . -,%
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IF(LNEBP .EQ. 100) G0 TO 400
IPOINT(LNEBR) =I

1C4 CONTINUE
IF(LNEER oEQ. 0) GO TO 300

125 IFLAG =0
00 200 I:19NII
NROW =HICEN(Ipl)
IF(NROW eLTe LA) GC TO 200
IREG =I
GO TO 201

200 CONTINUE
201 DO 202 I=IBEGtNHI

NROW =HICENCIol)
IF(NROW *LT. LB) GO TO 202
lEND =I
GC TO 20!

2C2 CCNTINUE
C
C *** FIND THE NEIGHBCRHCOG CF HIGI- ELEVATION POINTS *

C
2C3 KNEER =

CC 204 I=I9ECIEND
IF(HICEN(I,1) eLTe-1000C00) GO TC 2C4
LDIFF = ABS (HICEN(Iol)-IROW)
IFCLDIFF *GTo IRAC) 60 TC 204
LDIFF = ABS (HICEN(I92)-JCOL)
IF(LDIFF .GT. IRAC) GO TO 204
I(NESR =KNEER41
IFCKNEBR oGTe 100) GO TO 500
MPOINT(KNEBR) =I

254 CONTINUE
IF(LWRIT *LE9 2) RETURN
WRITE (6,500) NOCEJCOLqIROW
CC 275 N1=19LNEER
N2 =IPOINT(N1)

275 WRITE (6,901) NlN2,LOWCEN(N2,2),LOWCEN(N2,1 ) LOwCEN(N2,3)
WRITE (6,902)
CO 285 N1=19KNEER
N2 = PPOINT(ft1)

285 bRITE(69901) Ni ,N2,HICEN (N2,2),HICEN(N2,1 ),HICEN(N2,3)

900 FORMAT(/6X,' PRIMARY NODE *v149I5v*9X-CCORD *9
1 159*gY-COORC*/10X,*LOW POINTS*)

901 FORMAT(IOX,'NEIGH8 - *,139* NODE 'l,.,~
1 *,X-COCRD *9I59*9Y-COORD', 15,',Z-COORC*)

902 FORMAT(lOX9*I-IGH POINTS*)
RETURN

C
C '"THIS ENSURES TH~AT AT LEAST ONE POINT ELT NOT MORE '

C ''TI-AN 100 POINTS ARE FOUND

300 IRAD =2*IRAC
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IF(IRAD *GT. 999999) RETURN
GC TO 10

400 IRAD =IRAD/2
IF(IRAD *EQ. C) GO TC 450
GO TO 10

450 LNEER =100
GO TO 12E

500 IF(IFLAG .EQ. 1) GO TO 600
IRAD =IRAD/2
IFLAG =1
GO TC 2C3

600 KNEBR 100
RETURN
EKD
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SUBROUTINE CIFFER(NODE)

C **THIS SUBROUTINE FINDS RANGE OF HEIGHT AND DISTANCE
C **DISTCI,1) = THE PLANAR DIST TO PCINT FOR LOWCEN *

C ''CISTCI,2) = THE PLANAR DIST TO PCINT FOR 1-ICEN *

C GF OIN = MIN DIST EETWEEN NOCE AND ADJACENT POINTS *

C .*C?'AX = MAX DIST EETWEEN NODE AND ADJACENT POINTS *

C '*KZMIK = MIN ELEVATION BETWEEN NODE AND ADJ PTS *

C **KZMAX = MAX ELEVATION BETWEEN NODE AND ACJ PTS
C

COMMOK/LCENT/ LOWCEN(25093),HICEN(25093),KCETNLOWN-I,
I SMAY ,LWRITiLDEEGJMATJSTR IPiLH
COMMON/PCINT/ INITIALC3) ,LASTC3). IPOINT(250)
COMMON/SENVE'/ LALTHALTSENALTVEIALTIFREEGRID,
1 SWEA9SWNRLTRS,
COMMON/K INK/ LINK (25Oh*LINKTO(1500,3) ,NELKSIC,
1 IRAOLSoLNEBRoKEER
CCMPON/OET/ CETLO(25O) ,DETFI(250),FRCM(2E0),TO(25092)
CCMMON/EOGE/ DISTC10092)9,IRCWqJCCL9LSTR
ODIMENSION MPOINT(125)
INTEGER HICEPK
EGLUIVALENCE CIFCINT(126)9MFOINT(l))
DATA RTCCqLSTRl57e25'57795131 ,1/

C
C "'INITIALIZE VARIABLES '

C
DO 10 1=19100
CIST(1,1) = 0.0

10 DIST(1,2) = 090
OMIN =1000000
OFAX =-1000000
KZMIN = 1000000
KZMAX =-1000000

C
C F* ROCESS L06CEN
C

DC 130 I=1,LEER
J =IPOINT(I)

YJ =LOWCEN(qjol)-IR0k.
XI =L~hCEN(.j,2)-JCOL
KZI = LOWCEN,.i,3)
IF(KZI *GEo KZVIN) GO TO 15
KZMIN = KZI

15 IF(KZI *LE. KZF'AX) G%^ TO 20
KZMAX = KZI

20 CONTINUE
DIST(I,1) =SORT(XI**2*YJ**2)
IF(DIST(191) *GE* DMIN) GO TO 120
DPIN =DIST(I,1)

120 IF(DIST(1,1) 9LE. CMAX) GO TO 130
DMAX zOIST(1,1)

IZO CCNTINUE

,* 70 -- ""
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C *'PROCESS HICEN *

C
C~O 150 I11KNEBR

%j = POINT (I)
Yo=HICENCJ*1)-IROW
X1= ICEN(J*2)-,JCOL

KZI =HICENWOJ,)
IF(KZI .GE. KZMIN) GO TO 35
KZMIN = KZI
GO TO 45

35 IF(KZI *LE* KZMAX) GO TO 4.5
KZMAX =KZI

4.5 CONTINUE
OIST(I92) =SORT(XI**2*YJ**2)
IF(CIST(l.2) eGE* DMIN) GO TO 14.0

GC TO 1%0
14C IF(DIST(1,2) *LE* OMAX) GO TO 15C

CMAX =DISTCIs2)
150 CONTINUE

IFCLhRIT oLE. 2) GO TO '
aR ITE(69900) KODE,...C0L, IROW9LKE2-

A CO 50 LA=1,LKEBR91D
LE LA-1+10
IF(LE *GT. LNEBR) LE=LNEER

50 WRITE(69901) (CISTCIvl)*I=LA9LE)
WRITE (6,S00) hOCE9JCOLsIRO69KNE:-R
00 60 LA=1,KNE8R910
LE =LA-1+10
IF(LE .5'. KKEBR) LE:KNE7-R

60 WFITE (6,502) (DIST(I,2)9I=LAqLS.)
C
C *** SCRT IN INCREASIKG ORDER *

c
75 IF(LNEBR *EG. 1) GC TO F5

KK =LNhEBR-1
CO 250 J=1,KK

00 2!0 I.JjgLhEeR
IF(DIST(J,1) *LE* CIST(I91)) GC TO 250
SAl =OIST(J*I)
JSA = IPCINTC% )
CIST0i,1) =CIST(Iq1)
IPOIiTCJ) = IPOINT(I)
DIST(Isl) = SAl
IPOINT(I) = JSA

250 CONTINUE
85 IF(KNEOR sEG. 1) GC TO 3C0

KK=KNEe R-1
CC 275 J=lKK

4+
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00 275 I:JJKNEBR
IF(DIST(%j2) oLE. DIST(192)) GO TO 275
SAl =DIST(J92)
JSA = MPOINT(J)
DIST(u92) = ISTCI,2)
MPOINT(J) = MPOIN~T(I)
DIST(I,2) =SAl
IPOINT(I) = SA

275 CONTINUE
IF(LWRIT &LEs 2) GO TO 300
WRITE (6,903) OtIN9DMAX9KZMINvKZMAX
WRITE(69500) hODE gJCOL9IROWLNE8R
00 90 LA=lLNEBR,10
LB =LA-1+10
IF(LB *GTo LKEER) LE=LNEBR

50 WRITE(6,90l) (DIST( I9l)9I=LA9L0)
WRITE (6,900) NCOEJCCL, lRO~qKNEER
CC 95 LA=1KKEER9l0
LB = LA-l.10
IF(LS *GT. KhEBR) LS=KNEER

55 WRITE(6,992) CCIST( 1,2) ,I=LALB)
C
C *** CALCULATE PENALTY VALUE FOR PCINTS
C

3C0 DRANG =DMAX-0i'IN
IFCORANG oGTo 0.0) CRANG=190/DRANG
ZRANG =KZI4AX-9(ZF'IK4
IF(ZRANG *GTo 0.0) ZRANG=l.0/ZRAkG
CC 320 I=19LKCBR
IFREE = IFREE~l
IJ IPOINT(I)
LINKTO(IFREE91) = i
XYZ= LO6CEN(IJ93)-KZMIN
XYZ =DETLC(lJ)*XYZ*ZRANG

32C LINKTO(IFREE,2) 100.0* (XYZ.1-CISTCIgl)-CPqN.ODRANG)
CO 325 1=19KKEBR
IFREE =IFREE.1
IJ = PCINT(I)
LINKTO(IFREEil) =-1-i
XYZ = HICEN(IJ93)-KZMIN
XYZ =DETHI(lj)+XYZ*ZRANG

325 LINKTO(IFREE92) = 10090*(XYZ*l-CCIST(192)-DMIN)*CRANG)
LINK(IC) =LSTR
LSTR =IFREE.1

c
9C0 FCRMAT(/ 5X,*FROF DIFFER* / 5X9*NOOE ',I49159gX-COCRC *9

1 159*vY-COORC *915,' LINKS*)
901 FORMAT( 5X,'CISTAt4CE LOW ',l0(IX9FlO.3))
902 FCRRAT( 5x,'EISTANCE HIGI- *910(l~vFl0o!)1)
903 FCRMAT(11X9*CP'Ik',8X,'DMAX KZPIK KZMAX*I

I 5X92(Fl0o492X)9I492X9I-4)
RETURN
E ND
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SUBRCUTIKE RITE
C
C '*THIIS SUBROUTINE SAVES ARRAYS IN 6ORKIKIG STORAGE '

C
CCMMOr%/SENVEHI LALTHALTSEINALTVEIALT ,IFREEGR ID,

1 SWEAsSWNRoLTPS
CCMMON/KINK/ LINK (250) ,LINKTO(15VO,3) ,N&LKSIC,
1 IRAOUSLNEBRoKNEER
CCMMON/CET/ CETLO(250),t2ETHI (25O),FRC?4(250) ,TO(250,2)
CCMMONIECGE/ DISTE 1OC92)91 RCW9JCCLLSTR
INTEGER FROMoTC

C B* INARY UhFCR?'ATTEC TAPE
6RITE (9) NBLKS, 1FREE, IC

WRITE(9) (LINK( I)*I=19IC)
WRITEM9 ((LINKTC(I9J)#J=193),1:1 ,IFREE)
IFREE =IC =LSTR 1
NFLKS =N9LKS.1
RETURN

END

~IT
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SUBROUTINE WiRLINK
C TI U'WIE ~ IKG HT ENCVLPD*
C TI U9WIE F IKG HTSEE EEOE

COcNLET OCN203,-CN203 KELWMI
I MAXLRT, LDWENJMATJSTRICE(503,LHeNO*N
1 OMAN/OIT IN! TIA3 ,ST(3),IOIT(L0
COMMON/PISNE/ LALTIALTqLSEAT,'vEIPATIFREEGRI
1OMNSNE- SWEASWSENL~VE-RTLTRSGID
1OMI/IK SE9kqLNS hIKT(503 ,BKC
I IRADUSLNE5RKNK:BR IKO(509)KLKg
1QMMCPDET/ DEETLC(OhDT-(5),RI'20,0202
INTEGK/ER HIETLCRQI4,TO EF('0tRP20oO202
WITEGE (6,500) M9T

90 FRMT(1t91 0XN IKAECTU
90WFRT(6,01 /lFRENOE NLIKAGELOCIRADU
90 FRIT(-91OXIFREE*NBLKSgN LOW IRADUS'
01 1CXA(l6,X*FE ELS NO IAU
1M IFRE.161)
CC 15 NA:1,%P,

C15NA 1.101
15IdE(65 LN(O(,) I:AA,(INT(I2),:NN
15WITE6S (LIINKTQ(I,3),il:NANE)9(IKC129=~N
IC FOMT(OLINKTO( 19) ',10(2X1)/
10 FOMA OlX,*LINKTC(I,2) *910(2XtI6)/
I1OX9*LINKTC(I,3) *,10(2X.PI6,)/)

p ITE(E9*) C13 *2(x~6
90 FRIT(6991)
9C FRT C,0)

CO 10 ,699IC41
CO 10.JJI 91

IFjJ = GT IC)1410:

10 WRITE(69905) (LINK(I)9I=%09JJ)
904 FOR!MAT (/10Xv'LIhKAGE POINTERS */)
9C5 FCRMAT (l0XvlO(1692X))

KC =C
DC 20 Nu.:1,IC
IF(KC .EGe 0) IRITEC69906)
KC =KC.1
N= FROM(NJ)
J =LINK(NJ)
J.J 2LINK(NJO1)-1
IF(JJ *LTo C) %,ij=IFREE

WRITE(6,5O7) khNJJJ
IF(NN *GT* 0) kRITE(69908) LCWCEN(Id,2)9

1 LOWCEN(NN,1)*LOWCEN(NN93)
IF(NN *LT. 0) hR!TE(69908) HICEht-%K*2)9

1 HICEN(-NN,1 )tICEN(-khv!)
WPITE(6,909) (LINKTQ( 1,1) ,IzJsJJ)

IRITE(69911) (LINKTO(I g3)91JJJ)
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IF(KC eLE. e GC TO 20
KC =0

20 CONTINUE
C

906 FORMAT( lI-1//i///3ftX,*NODE LINKAGE*)
9C7 FORMAT(/20X,'.NCDE NO.*9I59* TOTAL LINKS *914)
908 FORMAT(2OX9*XYZ COORDINATE *,1491-9 91)',1491H9 9lX914)
909 FORM.AT20X9*LIKKED TO *91O17)
910 FORMAT(20xt*EXPOSURE *91017)
911 FORMAT(2OX9*EIGH-TED *,1017)

* RETURN
EKVD
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SUBROUTINE SAVE
C
C *.* TIIS ROUTINE IS LSED TO WRITE VALUES OLT FOR PLOTTING '

C
COMMON/LCENT/ L0WCEN(250,5),HICEN(2!;O,3) ,KCETNLOhNHI,
1 SMAXoLWRITLOEBGsJMATsJSTRIP*LH
COMPION/SENVEIt/ LALTHALTSENALTVEJALT, IFREEgGRID,
I SWEAgS6NRoLTRS
COMMCN/KINK/ LINK C250),LINKTO(156093),NBLKSIC,

I IRADUSoLNEORtKNEER
COr1CNg/DET/ CETLO(250),OETI-IC250) ,FRCF'(250)sTO(25092)
INTEGER -ICEWR0MvTO

WRITE (7,900) NLO69KH19IC, 1FREE
WRITE(79901) C CLOWCEN(I9J),,J=193)9I=I9NLO6)
WRITE(7,5D1) C(IICEN(I9J),vJ=1q3)vI~lvhl-I)
WRITE(7,902) (DETLCU ).I11NLOW)
WRITE (79902) (CETHI (I) ,I=1 Nt1I)
WRITE(79901) (FROM(I),I1, 9IC)
WRITE(79901) ((TOC IJ) ,J=192)vI=19IC)

hRITE(79901) (CLINKTC(IJ),,J=I1,'I=19IFPEE)
900 FORMAT(4110)
901 FORMAT(10C19,1X))
902 FORMAT(10F1O.3)

RET URN
END
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SLERCLTINE RADIAL
C
C .'THIS ROUTINE CALCULATES THE LINE OF SIGHT (LOjS) s

C .*EETWEEN NODE FCINT AND SENSCRS. LOS IS Tt-E
C *'INTERVISIBILITY EETWEEN PTS. ONCE ANY TERRAIN
C *' ?ASKING POINT IS FCLND PROCESSING CF THAT %JCCE- .

C *'SENSOR COMBIKATICN IS FINISHED. *
C

COMMON/ICAT/ KMAT9ISTRIP9IDATA(15,1~q1o)
CORMON/LCEN~Ti LCWCEN(25093),I-ICEN(2'093, .KCETNLO6.,Ni-1,

* 1 SIPAXLWR ITLDEEGJMAT ,JSTRIPL-
COf'MON/PCINT/ INITIAL(3) ,LAST(3) ,IPCIkNT(25C)
COIAMCN/SE NVE t-/ LAL T 9t-AL TSENA L T 9VE I-40LT IFREE 9GR I C,

* I SWEAiSWKNRvLTRS
COPMCK/SRAC/ rPANGEREMCIMRATENSITEISITE(1093, ,SYSRclC)
COMMPCK/CET/ DETLC(250),DET-I (2C) ,r.ISLC(2 0),

1 DISI-IC250) ,XX250)
DI?'ENSI,'N IF IkISH(25C)
INTEGER SENALTVE,.ALTHICE~,EASTvWESSOLT.6GR IZ
LCGTCAL ZCLR~VEZORTp-9ZSOUT-
EGU IVALE tCE (RMAX 9C!S )
DATA RESRT, -RATE/02020 0,0.7L.7Zl'bE,1 .0/
CATA SEALTqVEI-ALTy0Iv/3,1C ,15/

C
C '' INITIALIZE
C

REWINC
ZCURVE= ;E*STeC*O
ZGRIC GI
RE = E/ZGRIr

C *'APEA LIMITS '

KCRT - = MAT*NCIN'
SCUT - =1

C
CC 2400 %;K=19ISTRID
JSTRIP =Jv(
EAST = STRIF*MzIP
wEST z(uSTRIP-1)*M3Iv.1
CALL INDATA

* ILCOF NLC6.
CO 240C KLN=192

C
Co 2000 KK=19KSITE

* ISIT =ISITE(KK92)
YSIT zISITE ( K K91 )
ZSIT =ISITE((K,')*SENALT

C
DO 2C00 LP=lILOOP

C '.TEST IFINISH FOR COMPLETION *

IEXP CL-U.)10+KK-1
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IFIN =AAkO(IFIftSH(LP)te2**(lEXP))
IF(IFIN 9NE. 0) GO TO 2000
IF(LH .EC. P) GO TC 4*00

C
KS1 LOWCENCLP92)
IF (('KS1.GT*EAST) *AND* (KSIT*GT*EAST))
1 *OR*((KSleLToWEST) *AND* (KSIT.LT.WEST))) GO TO 2000

C
C *"CETER'ItE WESTERK P'OST PCINT OF FAIR '

IF(CKSIT-KS1) eGE. 0) GO TO 300
C
C ''SWAP SENSOR AKC NOODE*
C

XP =KS1
YP =LOWCENCLP91)

P=LOw CEN C P.* +E HALT
KS1 ='S IT
XS1 =KS IT
YS1 = YSIT
ZS1 =ZSIT
GC TO 52

C
3CC XSI KS1

YS1 =L0b6CEN(LP91)
ZSI LOWCENCLF,3)+VEHALT
XP = KSIT
YF = YSIT
ZP =ZSIT
GC TO 525

C
4*00 KSl = HICEN(LP92)

IF t(CKSloGT*EAST) *AND* (KSIT.GT*EAST))
1 *OR.(S1*LT*6EST) eAKC9 (KSIT*LT.'.EST))) GO TO 2000

c
C ''CETERMINE WESTERN MOST PCINT OF PAIR ~

IF(CKSIT-KS1) eGE. 0) GO TC 410
C
C *"SWAP SENSOR AND NODE *

C
XP =KS1
YP = HICEN(LP91)
ZP =HICECLP93) *VEI-ALT
KS1 = K S IT
XS1 =KSIT
YSI YSIT
ZSI ZSIT
GO TO !25

C
41C XSI KSI

YS1 HICEN(LP91)
ZS1 zHICEN(LP93)+VEHALT
XP =KSIT
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YP =YSIT
ZP =ZSIT

C
C **CALCULATE TANGENT ANC DISTANCE EET6EEN SENSOR/NODE *

C **THE AZIML TH- ANGLE IS M6'EASURED FRCM ?CCRTH CLOCKWISE *

C
525 XSD =XP-XS1

YSP =Yp-ySI
ZSP =zP-zs1
CIS =SGPT(XSP**2 +YSP**2)

* IF(ZCURVE) DZ=0*5*CIS*(DIS/RE)
TM (ZSP-CZ)/(DIS*ZGRID)

YSN XSP/DIS
*YCOS YSP/cIS

ZK0RTI- = FALSE*
ZSOUTI-= *FALSE*

C
C *** CETERMINE ST..RTIkG INCICES AND MAP SI-EET EOUNDARIES *

C
10 IF(I .0T9 iEST) GOC TO 560

NX=XSI.-wEST
YWEST = C90
GC TO 570

56C NX =
YWEST =YCCS*C(WEST-XS1)/XSIN)

570 IF CASS(XSIN)*LE*SRTwh) GO TO 1150
C
C E* EA ST

IX Ny
X IX + W E C T

102C IY 1X+IZX
X X.A T'
IF(IX *GT* YCIM) GC TO 2QOO
p = (Y-XS1)/XSIN
JY =R*YC'-SYSl
NAR = WY-1)/MDCIM

JY=JY-NAR*r'CIM
NAR NAR.1

C
C **TANGENT FOR ALL COMPASS ZIRECTIC%
C **IF NAP CLTSILE MAP SH EET - LOS EXIST e

C
1075 IFC(NAR 9LTe SOUTH.) *OR* (NAP sGTe NCRT'H)) GO TO 18CC

Z = ICATA(dYIX*NAR)
IF (ZCURVE) DZ=095*R*(R/RE)

IF(T 9LEe T") GO TO 1090

1090 IFAR .GE. RMAX) GC TO 1800
IF(ZNCRTH) GC TC 1130
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IF(ZSCUTH) GC TO 1135
GC TO 1020

C
C ** NORTH *

C
1130 Y =YD

'y=JY, JOy
IF(JY *LE. M'iIF") GO TO 114.0

FKAR =NAR.1
GO TO 1140

C * SOUTH **

C
1135 Y Y +:)Y

J Y J +iC y
IF( WY *GFe 1) GO TC 1140

NAR= AR-1
1140 R =(Y-YS1)/YCOS

IX =R*XSIN.XS1

IFCIX oGTe ME1Vj GO TO 2000
GO TO 1075

1150 IF(YCOS .GT* C*C) GO TO 1160
C
C '' SCLTH
C

ZSOUTI- =.TRLE*
JY =YS1+YWEST-RATE
NAR =(JY-1)IMCTv
JY =jYKA*YI
KAR= A l
y = YS1+YWEST-RATE
DY =-RATE
'jC Y =-I
GC TO 1140

C
C *' NORTH
C
1160 ZNOPTH = *TRLE.

~JY= YS1+YWEST
%-AR =JY/4DIM
JY zJY#1-NAR.?ICIV
KAR zNAR.1
Y = YS1.YWEST+RATE
DY =RATE
ictyz I
GO TO 1140

1800 IF(LH *EG. 2) GO TC 1850
DETLO(LP) =CETLO(LP).1.0
CISLO(LP) z CISLO(LP)*OIS
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